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PREFACE 

I n  response t o  the  Nat ion 's  needs fo r  decreasing the  t h r e a t  o f  v i o l e n t  weather 

This meeting, which brought together  representat ives 
phenomena t o  av ia t i on ,  a two-day meeting was held on September 24-25, 1985, a t  t he  
NASA Langley Research Center. 
from NASA, t he  FAA, and the  av ion ics  indus t ry ,  focused on the  a p p l i c a b i l i t y  o f  
Doppler radar  techniques t o  the  de tec t ion  o f  low-level  wind shear. 

The meeting was cohosted by the  Antenna and Microwave Research Branch o f  NASA 
Langley 's  Guidance and Contro l  D i v i s i o n  and the Cockpi t  Technology Branch o f  t he  
FAA's Navigat ion and Landing D iv i s ion .  

The p u b l i c a t i o n  of the  t r a n s c r i p t  o f  the  meeting i s  an attempt t o  make a v a i l a b l e  
t o  i n t e r e s t e d  coworkers the  thoughts and views o f  several  recognized i n v e s t i g a t o r s  i n  
t h e  f i e l d s  o f  antenna design, Doppler radar, microscale meteorology, and a i r c r a f t  
operat ions.  A tape recorder was used t o  make a permanent record o f  the  near l y  twelve 
hours o f  i n d i v i d u a l  presentat ions,  quest ions and answers, and discussions; these 
tapes were l a t e r  t ranscr ibed.  The typed pages were reviewed by persons knowledgeable 
i n  the  jargon, acronyms, and techn ica l  expressions used, and then very minor e d i t i n g  
was employed f o r  c l a r i t y .  A l l  persons invo lved i n  t h i s  process became keenly aware 
o f  the  f r u s t r a t i n g ,  perp lex ing,  and sometimes humorous d i f f e rences  between spoken 
Eng l ish  and w r i t t e n  Engl ish.  I n  many instances a p a r t i c u l a r  sentence s t r u c t u r e  would 
sound f i n e  on tape, but t he  same words, when w r i t t e n  out verbatim, turned out t o  be 
not  a sentence a t  a l l ,  bu t  ra the r  a ser ies  o f  fragments. This was due p a r t l y  t o  the  
grea ter  to le rance t h a t  t he  spoken language enjoys over the  wr i t t en ,  and p a r t l y  
because i n  many cases the  speaker was e i t h e r  responding t o  someone e l se ' s  comment o r  
v e r b a l l y  f i l l i n g  i n  gaps on a viewgraph. 
a complete sentence required, and because the  viewgraph i s  not  a v a i l a b l e  t o  the  
reader o f  t he  t r a n s c r i p t ,  some in fo rmat ion  i s  necessar i ly  l o s t .  Also, on some 
occasions more than one person was speaking; t h i s  usua l l y  resu l ted  i n  a gap, s ince 
u s u a l l y  none of t he  simultaneous voices was s u f f i c i e n t l y  i n t e l l i g i b l e  fo r  t r a n s c r i p -  
t i o n .  I n  o ther  cases, a speaker was j u s t  not  loud enough t o  be picked up we l l  by t h e  
microphone. 
d i f f i c u l t i e s  analogous t o  f o l l o w i n g  only  the  audio p o r t i o n  o f  a t e l e v i s i o n  show. 

I n  ne i the r  o f  these two l a t t e r  instances i s  

T ransc r ip t i on  i n  these circumtances--from tapes, a f t e r  the fact--poses 

I n  s p i t e  o f  these d i f f i c u l t i e s ,  i t  i s  hoped t h a t  t he  present t r a n s c r i p t  w i l l  be 
useful  t o  anyone i n t e r e s t e d  i n  assessing current  t h i n k i n g  on the a p p l i c a t i o n  o f  
Doppler radar t o  the  de tec t ion  o f  l ow-a l t i t ude  wind shear near a i r p o r t s .  The e d i t o r s  
o f  t h i s  t r a n s c r i p t ,  i n  t r y i n g  t o  s a t i s f y  the  competing requirements o f  c l 3 r i t y  and 
verbat im accuracy, have attemped t o  preserve some o f  the  spontanei ty and i n t e r a c t i o n  
between speakers and audience which made t h i s  two-day meeting such a l i v e l y  event. 
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Conceptual drawing of wind shear effect .  
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Campbell: I would l i k e  t o  welcome our v i s i t o r s  from the  FAA, NCAR, 
and C o l l i n s  t o  Langley and t h e  Guidance and Contro l  D iv i s ion .  I n  
accordance w i t h  Herb Schl ickenmaier 's (FAA) d i r e c t i o n ,  t he  purpose o f  
t h i s  meeting i s  t o  prov ide an oppor tun i ty  t o  discuss the  techn ica l  
issues p e r t a i n i n g  t o  the  Doppler radar de tec t i on  o f  wind shear for  a i r  
safety .  Hopefu l ly ,  an in fo rmat iona l  base w i l l  be prov ided so t h a t  a 
program p lan  f o r  developing the  radar technology f o r  wind shear can be 
obtained, as we l l  as an assessment o f  the p r o b a b i l i t y  f o r  success o f  
such a program. That i s  t he  theme of the meeting and t h e  agenda i s  as 
fo l l ows :  Herb w i l l  g ive  an overview o f  t h e  FAA wind shear program; 
Leo Staton w i l l  present Langley's past e f f o r t s  and f l i g h t  t e s t  
r e s u l t s ;  Roy Robertson ( C o l l i n s )  w i l l  descr ibe cu r ren t  commercially 
avai  1 ab1 e weather radar systems, and Peter H i  1 debrand w i  11 d i  scuss 
research ongoing a t  NCAR. 
Schlickenmaier o f  t he  FAA. 

Now, I w i l l  t u r n  the  program over t o  Herb 

In t roduc t i ons  : 

C a r r o l l  L y t l e  (Langley) 
Vic Delnore (PRC a t  Langley) 
Norman Crabi 11 (Langley) 
G1 enn Tayl  or (Langley) 
E rn ie  M i l l e n  (Langley) 
Jim Shrader (RTI a t  Langley) 
Les B r i t t  ( R T I  a t  Langley) 
Fred Beck (Langley) 
Roland Bowles ( F l i g h t  Management D iv is ion ,  Langley) 
Reggie Hol 1 oway (Langley ) 
Ea r l  Dunham (Langley ) 
Roy Robertson (Col 1 i ns Radi 0) 
Herb Schl ickenmaier (FAA) 
Leo Staton (Langley) 
John Fedors (Langley) 
C l i f f  F r i c k e  (PRC a t  Langley) 
Sam Sokol (Langley) 
C l i f f  Hay (FAA) 
Peter  Hi ldebrand (NCAR) 
Walter Pagels (Teledyne Ryan 
Ginny McClel lan (RTI a t  Lang 
Tom Campbell (Langley) 
Harry Verstynen (FAA a t  Lang 

E l  e c t  r o n i  cs ) 
eY 1 

Schl ickenmaier:  
t o  t h e  Langley crew, s p e c i f i c a l l y  t o  Tom Campbell and h i s  people, and 
i n  an overview sense t o  Langley Research Center f o r  responding t o  
C l i f f ' s  request back i n  A p r i l  f o r  in fo rmat ion  and s ta tus  on a wind 
shear program. May I compliment you on t h e  package t h a t  was put  
together .  
j u s t  what can be done, but  i n  essence p u l l s  together  a good f i r m  
program f o r  us, I th ink ,  t o  come up w i th  a very good j o i n t  government/ 
i n d u s t r y  program i n  responding t o  the  safety  issue. 
l i k e  t o  do a quick overview. 

A t  the  outset ,  I ' m  going t o  say thank you very much 

It focuses on more than j u s t  what's been done, more than 

With t h a t ,  I ' d  

You w i l l  n o t i c e  t h a t  when Ginny and I were working up the  agenda, t h a t  
t h e r e ' s  l o t s  o f  a i r  i n  t h i s .  I ' d  l i k e  it t o  be an open forum i f  we 



could, and t o  s t a r t  it o f f ,  I'll j u s t  g ive  some i n t r o d u c t o r y  informa- 
t i o n  on the  FAA's proposed wind shear program t h a t  C l i f f  Hay i s  
responsible f o r  t o  the  admin is t ra to r .  By t h e  t ime t h i s  package comes 
out, it w i l l  be a t o t a l  package represent ing  the  FAA's i n t e g r a t e d  
program on wind shear. It w i l l  cross a l l  f i e l d s ;  i t  w i l l  not  j u s t  be 
an a i rborne e f f o r t ,  not  j u s t  a ground s i t e  e f f o r t ,  not  j u s t  a meteoro- 
l o g i c a l  e f f o r t ,  but  a fu l l -sys tems approach, we l i k e  t o  th ink ,  t o  t h e  
safety  problem o f  wind shear i n  the  te rmina l  area. 

W i t h  t ha t ,  l e t  me g ive  you an overview: Overa l l  , the re  are b a s i c a l l y  
f i v e  sect ions t h a t  we are l ook ing  a t  i n  our repor t ,  and you w i l l  be 
among the  f i r s t  t o  see and hear about t h i s  package. F i r s t  sec t ion  i s  
the education, t r a i n i n g ,  and opera t ing  procedures; it b a s i c a l l y  looks 
a t  the issue o f  what can we do i n  terms o f  t r a i n i n g  f l i g h t  crews, what 
can we do i n  terms o f  general education, d e f i n i n g  the  hazard f o r  t h e  
f l y i n g  community, p u t t i n g  i t  i n  perspect ive.  

Secondary i s  sensors f o r  de tec t i on  o f  l o w - a l t i t u d e  wind shear. Th i s  
basi ca l  l y  encompasses ground s i t e  sensi ng techno1 ogy , low-1 eve1 w i  nd 
shear a l e r t i n g  system, which I imagine most o f  you have heard o f ,  
terminal  Doppler weather radar, and i n t e g r a t i o n s  o f  low- level  wind 
shear and TDWR; a l so  app l i ca t i ons  o f  t he  next generat ion radar, 
NEXRAD, as we tend t o  c a l l  it, f o r  wind shear detect ion.  

Th i rd  sec t ion  i s  hazard c r i t e r i a .  By and large,  w i t h  the  background 
t h a t  l i v e s  i n  t h i s  room, there  i s  a f a i r  understanding, I th ink ,  o f  
what t h a t  hazard might be, j u s t  l i k e  guidance and con t ro l  systems t h a t  
you f o l k s  have been working on. But t he re  i s  an o v e r a l l  i ssue o f  what 
i s  the hazard beyond NASA a i r c r a f t ,  beyond the  a i r c r a f t  t h a t  you f o l k s  
have been working on. 
ove ra l l  question, not j u s t  germane t o  one p a r t i c u l a r  a i r l i n e  o r  
operator, but  considered from the  FAA's p o i n t  o f  view o f  i n t r o d u c i n g  
and having t o  ma in ta in  some s o r t  o f  regu la to ry  aspect, i nspec t i on  
aspect. 
we c a l l  Par t  121 operat ions o f  commercial a i r  c a r r i e r  operat ions 
through a i r  t a x i  , and eventual ly ,  we hope, i n  Par t  9 1  (general  av ia-  
t i o n  operat ion)--scanning a l l  the  way from small a i r c r a f t  Pa r t  23, o r  
under 12,500 pounds, through Par t  25, a i r  c a r r i e r .  What i s  t h a t  
hazard and how can i t  be def ined? 

I t h i n k  you 'd almost consider i t  t o  be an 

We're l ook ing  across an e n t i r e  f l e e t  ranging i n  terms o f  what 

The f o u r t h  sec t ion  i s  te rmina l  i n fo rma t ion  systems. Sometimes, I l i k e  
t o  th ink  o f  i t  as te rmina l  in fo rmat ion  services.  What i s  a v a i l a b l e  on 
the  ground now?--beyond sensors, moving i n t o  the  area o f  how do we get 
the  in fo rmat ion  t o  the  f l i g h t  crew from the  ground side. I t h i n k  i t ' s  
t i e d  very c lose ly  w i t h  t h a t  sec t ion  by f l i g h t  management systems. I n  
essence, both o f  these sect ions are l ook ing  a t  how you get the  best 
in fo rmat ion  poss ib le  t o  the  f l i g h t  crew r i g h t  now. Terminal informa- 
t i o n  systems, f o r  instance, encompasses p i l o t  repor ts ;  i t  encompasses 
in fo rmat ion  coming from the  center  through te rmina l  operat ions t o  the  
tower out t o  the  a i r c r a f t ,  which, as we a l l  know, can be a ra the r  l ong  
and arduous task i n  vo ice communications. 

F l i g h t  management systems. General ly,  we've broken it down i n t o  two 
areas i n  the  repor t :  guidance and con t ro l  a ids.  B a s i c a l l y  we're 
look ing a t  the  technology issue we have today and what can we get t o  
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soon, tomorrow, and eventually what avenues should we be looking a t  
fo r  some far ther  down research; how should we be stroking i t?  And the 
other area which is  peculiar t o  the FAA, b u t  i s  an area tha t  I t h i n k  
requires some ta l  k i n g  w i t h  the technical people, w i t h  the engi neers 
and f l i g h t  management experts, is cer t i f icat ion of on-board systems. 
I t ' s  an area tha t  I don't  feel particularly well suited to ,  since I'm 
not an ops inspector, b u t  w i t h  my experience i n  this program on and 
off fo r  some number of years w i t h  people who do this work, I feel 
reasonably comfortable i n  saying t h a t  I understand one--programs do 
not keep the cer t i f ica t ion  and worthiness types abreast of what's 
going on. Programs tha t  have, I don't want t o  say, spectacular 
techni cal success comi ng i nto f ru i t ion ,  b u t  who keep the c e r t i  f i cation 
people b e h i n d ,  are programs that  by and large (I  ha te  t o  p u t  a nega- 
t ive  note i n  this) ,  programs tha t  should I say are  doomed, and t h a t ' s  
an awfully strong word t o  use. B u t ,  i f  I can p u t  a l i t t l e  personal 
experience i n :  i n  a program from 1975 t o  1980, although the f l i g h t  
standards folks, as they were known a t  the time, were i n  the group and 
d i d  understand what was going on--that next step of keeping the ce r t i -  
f icat ion people involved--they almost i n  day-to-day operations real ly  
d i d n ' t  quite ... out. As a resul t ,  some of the recommendations tha t  we 
made i n  our e a r l i e r  programs were thrown i n  w i t h  other projects t ha t  
were ongoing and were considered i n  a mass of a wind shear program, 
a l l  capital  l e t t e r s .  Why am I g iv ing  this horror story? Well, one of 
the reasons is tha t  as par t  of our plan we're p u t t i n g  i n  programs t h a t  
a r e  responding t o  this wind shear hazard. 
close l ia ison w i t h  the cer t i f icat ion people. 

We'll be maintaining a 

To the other question: 
t i o n  assistance? In my report, we have cer t i f ica t ion  packages avail- 
able r i g h t  now for  cer t i f ica t ion  assistance. To date, I know of no 
company who's come i n  t o  apply f o r  a ce r t i f i ca t e  fo r  a system as a 
wind shear detection and avoidance system. The airborne side has a 
group of cer t i f ica t ion  guidelines which they work under. 
them, unfortunately , are call  ed w i  nd shear a i  rworthi ness ce r t i  f i ca t i  on 
guidelines, which has given, I understand, t o  the outside, a source of 
some consterna.ti on. 

what is the FAA going t o  do about cer t i f ica-  

None of 

On the operational side, there is  an advisory c i rcu lar  t h a t  gives some 
guidance on operational scruples of airborne wind shear detection 
systems. A broad brush of what we're looking a t ;  a l i t t l e  background 
on how this came about: As a resul t  of some National Research Council 
recommendations, one of the recommendations was tha t  one--the FAA p u t  
together a plan t o  address the wind shear issue; two--to define w i t h i n  
the FAA t o  management a l l  the wind shear a c t i v i t i e s  t ha t  are going on. 
Around April  30th, Cl i f f  p u t  for th  a request t ha t  you folks are very 
famil iar  with--what are you doing, what do you have plans t o  do, what 
do you foresee as something that  can go forward to  address this safety 
issue of wind shear. The report i s  referred to  as the "3 1/2 inch 
report," because of i ts  thickness. I t ' s  well thought out, and a real 
c r ed i t  t o  the Langley Research Center--a good response t o  C l i f f ' s  
request, one of the better packages we received, a col lect ive re- 
sponse t o  Cliff 's request. We then got together about a month ago and 
basically p u t  the skeleton together--the sections, the format, and t o  
t i e  i t  back to  the NRC report, t o  show how we would comply w i t h  the 
N R C ' s  recommendation. Does that  mean we're bowing t o  tne NRC? 
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No. It means t h a t  t he re  are recommendations t h a t  e x i s t  n a t i o n a l l y ,  
t ha t  Congress asked us t o  look at .  It does g ive  us a good focus o f  
people, w i t h  some o f  t he  l ead ing  aeronaut ica l  and systems people i n  
the country. 

Second group o f  recommendations we' r e  responding t o  are from the  
National Transpor ta t ion  Safety Board. I f  you l i k e ,  I can go i n t o  a 
l i t t l e  b i t  o f  d e t a i l ,  but  what I ' d  ra the r  do i s  open i t  up t o  
quest i ons . 
Staton: What comes a f t e r  t he  submission o f  t h i s  plan; i s  t h a t  an 
"end-a1 1 'I i n  i t s e l f ?  

Schlickenmaier: We p lan  t o  
focus a l l  t he  a c t i v i t i e s  t h a t  t he  FAA can work w i th .  A t  t h a t  po in t ,  
i t  goes t o  the  FAA weather coord inator ,  who a l so  happens t o  be the  
FAA's Deputy Associate Admin is t ra to r  f o r  Engineering. Now along w i t h  
that ,  a l l  those f i f t y  who responded t o  the  A p r i l  30th request w i l l  be 
given a copy o f  t he  repor t .  There are no secrets,  i t ' s  a wide open 
plan, I ' m  p r e t t y  proud o f  it. We d l i k e  t o  t h i n k  o f  i t  as a l i v i n g  
document; i t ' s  not  going t o  spec i f y  down t o  the  day when th ings  are 
going t o  happen, and as each program p lan  addresses those issues, t h i s  
w i l l  be a na t iona l  scope plan. I l i k e  t o  look a t  it as a l i v i n g  
document. 

I ' d  l i k e  t o  t h i n k  of i t  i s  a phase one. 

Campbell: You know the  p lanning began on A p r i l  30th f o r  the  plan, and 
Langley began, through Roland Bowles, t o  prepare i t s  submi t ta l ,  and 
th ings  began t o  move down u n t i l  t he  Da l las /For t  Worth crash. What are 
the major impacts o f  t h a t  crash on your  p lanning a c t i v i t i e s ?  

Schlickenmaier: By and large,  most o f  t he  t i m e l i n e  t h a t  we have been 
working hasn ' t  been too  a f fec ted .  There have been some o ther  requests 
f o r  information...we w i l l  be g e t t i n g  a few more requests f o r  informa- 
t i o n  and the re  w i l l  be some Congressional hearings going on t h a t  might 
not be going on but f o r  t he  crash, but  by and large,  I don ' t  t h i n k  
i t ' s  acce le ra t i ng  i t  too  much. So, by and large,  we're s t i l l  running 
on schedule. 

Campbell: So, t h i s  i s  not a reac t ionary  p lan? 

Schlickenmaier: Be l ieve  i t  o r  not, i t ' s  not .  

Campbell: 
crashes. 

We haven' t  seen a major impetus o f  p lanning a f t e r  o ther  

Schl i ckenmai e r :  
underway s ince about '71 o r  '72, I hate t o  t h i n k  the  wind shear 
program. ..the Eastern 66 acc ident  a t  JFK o r  Pan Am, but  I t h i n k  t h e  
b iggest  e f f o r t  t h a t  was ever put together  was a concerted e f f o r t ,  on 
a l l  par ts ,  beyond j u s t  t he  meteoro log ica l  work t h a t  was going on, bu t  
the  major emphasis was s p e c i f i c a l l y  a response t o  t h a t  accident,  
i nvo l v ing  a l o t  o f  people i n  the  FAA. I ' d  l i k e  t o  throw i n  j u s t  one 
other th ing :  i n  the  phi losophy o f  e a r l i e r  programs, we're not  l ook ing  
fo r  a one-system so lu t i on ,  and I ' v e  heard comments from a number o f  
fo lks t h a t  you guys are going t o  p u l l  together  an a i rborne  program. 

A1 though the re  was an FAA meteoro log ica l  program 
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I f  you guys can p u l l  together  a de tec t ion  and warning system from the  
a i r  side, then who's going t o  be worr ied about sending adv isor ies  from 
a te rmina l  Doppler radar? If I can digress f o r  a moment and put 
together  a scenar io  f o r  how I t h i n k  the  whole system ought t o  be 
working--1 t h i n k  it h i g h l i g h t s  the  t h i n k i n g  o f  people who are i n t i -  
mately i nvo l  ved- - i t  b a s i c a l l y  scopes out an area o f  the  country t h a t  
needs t o  be on a l e r t ,  stage 1 a l e r t ;  low- level  wind shear enhanced 
te rmina l  Doppler weather radar serves as shor te r - te rm warnings, 
coupled w i t h  what's going on with...advisories, and what 's going on 
w i t h  t h e  meteoro log ica l  s i t u a t i o n ,  and tends t o  reinforce...wind shear 
a l e r t i n g  system; see something i n  the  area s t a r t i n g  t o  b u i l d  up, 
i n fo rma t ion  i s  pumped out, and the  radar goes, l e t ' s  say, from t h e  
wide scan mode i n t o  an approach o r  departure quadrant scan. The t e r -  
minal  Doppler weather radar s t a r t s  t o  see in fo rma t ion  and the  approach 
o r  depar ture quadrant s t a r t s  t o  look suspicious--now a stage 3 a l e r t ,  
a t  which p o i n t  f l i g h t  crews are s t a r t i n g  t o  arm the  on-board de tec t i on  
system. There are some wind shears t h a t  may not be detectable.  I n  
essence we're g i v i n g  ourselves what I hope i s  a p lan  o f  how a l l  t h e  
systems can tend t o  work together;  there i s  no one package. 
years '  experience w i t h  the  program t e l l s  us t h i s .  

Ten 

C r a b i l l :  L e t  me look a t  t he  generat ion beyond. 
going t o  need another generat ion o f  development i n  computers, w i th  
each major te rmina l  area running i t s  own weather model, running on 
rea l  t ime, i n i t i a l i z e d  not on ly  observat ions t h a t  are cur ren t ,  bu t  
b igger  scale, synopt ic  sca le models. 
cond i t i ons  f o r  each te rmina l ;  then t h a t  i s  updated w i t h  a i r  reps and 
te rmina l  Dopplers o r  NEXRAD; then you 'd have the  best  est imate of what 
the  weather 's going t o  be, so the  poor guys i n  approach con t ro l  can 
t e l l  "when are we going t o  change the  runway", t h a t ' s  something they 
want t o  know, and also,  t o  have a fo recas t ing  f a c i l i t y  f o r  some of 
these major scenarios. Not i n  t h i s  year, not  i n  t h i s  generat ion of 
computers o r  o f  t he  models, but  i n  10 o r  15 years. 

I t ' s  poss ib le  we're 

You'd i n i t i a l i z e  the  boundary 

Schlickenmaier: Very good po in t ,  which a l so  t i e s  together  a reason 
f o r  focus ing  t h e  research, now t i l l  we s t a r t  t o  work us ing maybe these 
Cray 99's,  p u t t i n g  together  new code generat ion systems. Maybe we can 
acce le ra te  t h i s  10 o r  15 years i n  the  process down t o  9 o r  maybe 13 
years. Not necessar i ly ,  but  what are we focused f o r ?  Are we ready i n  
10 o r  15 years t o  accept systems which... 

Crabi 11 : 
a t  t h i s  t ime? 

What about the  next generation? Can we have fo recas tab i  1 i t y  
I n  15 years? 

Hi ldebrand: 
observa t ion is t ,  I t h i n k  t h a t  I also  have t o  endorse what you j u s t  
i temized. We need h i  gh-densi t y  observat ions and measurements and 
understandings. 
l i k e  i n  the  Denver area where i t ' s  a b ig  problem; t h e  p r o b a b i l i t y  o f  
t he  occurrence i s  h igher  o f  microbursts  i n  any one spot, bu t  the  j o i n t  
p r o b a b i l i t y  of having a f u l l  a i r l i n e r  and the  microbursts  i s  h igher  i n  
t h e  mois t  areas; t h a t ' s  where we've had our devastat ing accidents. 
So, we need b e t t e r  understanding there  i n  the  p r o j e c t s  t h a t  t he  FAA 
has. 
t h i s .  The o ther  t n i n g  t n a t  I t h i n k  i s  impor tant  t o  emphasize iii 

I t h i n k  you made a very important p o i n t  there,  but as an 

There i s  a l o t  o f  emphasis put  on wind shear and t h e  

And t h a t ' s  an impor tant  area where I presume t h a t ' s  p a r t  o f  



add i t i on  t o  b e t t e r  computational c a p a b i l i t i e s ,  i s  t h a t  genera l ly ,  we 
can ' t  make forecasts w i t h  any more accuracy i n  space o r  t ime than i n  
t h e  measurements you make i n  the  f i r s t  place. 

C r a b i l l :  I want t o  t a l k  t o  you about tha t .  That 's  not  s t r i c t l y  t rue .  

Hildebrand: Well, I know i t ' s  not  s t r i c t l y  t rue ,  but  as a general 
ru le ,  i f  you look a t  t he  g lobal  weather p red ic t i ons ,  you end up w i t h  
t h e  densi ty  o f  observat ions having a l o t  t o  do w i t h  the  accuracy i n  
space and time. And t h a t  says a l o t  about the  measurement systems we 
need, and I t h i n k  i t  emphasizes the  need f o r  new measurement systems 
such as te rmina l  Doppler radar combined w i t h  b e t t e r  mesonets a t  
a i rpo r t s .  I t h i n k  i t ' s  a very impor tant  t h i n g  t o  do. 

Schlickenmaier: 
l o g i c a l  data makes up one p a r t  o f  t he  proposal. I f  an a i r p o r t  p lanner 
i s  going t o  set  up an a i r p o r t ,  one o f  the  f i r s t  t h ings  he looks f o r  i s  
where i s  he going t o  put  h i s  runways? Now, i f  I were t o  ask an 
anemometer i n s t a l l e r ,  who i s  p u t t i n g  together  some s o r t  o f  a wind 
system, then I ' d  want t o  know what in fo rmat ion  would he be us ing t o  
p lan  t h e  s i t i n g ,  o r  the  l oca t i ons  o f  where these wind measuring 
systems would go. 
trums...But i f  I were pressed and had t o  know how many wind shear... 
then I r e a l l y  f ee l  f o r  the  guy. However, i t ' s  not  an insurmountable 
p ro jec t .  It would be a p r o j e c t  f o r  p u t t i n g  together  from s t a t i s t i c a l ,  
some p r o b a b i l i s t i c  ana lys is  o f  wind shear worldwide. Bas ica l l y ,  j u s t  
from t h e i r  Eastern 747, we're t a l k i n g  about a smal l  lo%,  but  one o f  
t h e  th ings  t h a t  tended t o  r e i n f o r c e  and g ive  us some optimism f o r  t he  
data se t  was Alan Fuch's response t h a t  i f  we can coopera t ive ly  pu t  
together  s i m i l a r  data sets, t he  conf idence t h a t  i s  gained from t h a t  
c l  imato l  ogi  cal  data becomes orders o f  magni tude, when numbers o f  
count r ies  pa r t i c i pa ted .  I throw i t  out f o r  your  considerat ion.  I t ' s  
going t o  be q u i t e  in fo rmat ive .  
t h a t  we t h i n k  i s  t he  r i g h t  t h i n g  t o  do. 
wanting t o  do...We know how many times data reduc t ion  and analysis... 
One o f  the  programs...Some reasons f o r  ... computational capab i l i t y . .  . 

One o f  the  o ther  areas o f  understanding c l imato-  

I t ' s  a convo lu t ion  o f  about 4 o r  5 d i f f e r e n t  spec- 

I t ' s  something t h a t  s ince  10 years ago 
I t ' s  something we've been 

Robertson: 
number o f  t o p i c s  and issues t h a t  need t o  be resolved t o  resolve the  
wind shear problem. Does the  FAA program and wind shear p lan  i nc lude  
plans f o r  implementing so lu t i ons  f o r  these problems t h a t  are being 
i d e n t i f i e d ,  and t o  what ex ten t  does the  p lan  do i n  terms o f  implemen- 
t a t i o n  o r  development o f  so lu t i ons?  

The program t h a t  you have o u t l i n e d  here i d e n t i f i e s  a 

Schlickenmaier: 
ground s i t e ,  where the  FAA sees serv ices t h a t  need t o  be provided t o  
t h e  pub l i c  sector,  you w i l l  see a concerted effort...On the  a i r  s ide,  
there  i s  a l i t t l e  d i f fe rence;  we're not  p rov id ing  serv ices fo r  users 
of t h e  na t i ona l  a i rspace system as such; however, we have some s o r t  of 
a developmental ob1 i g a t i  on.. .and t o  t h a t  extent.. .especi a1 l y  if they 
want t o  open it up t o  t h e  ...p rogram, w i t h  budgetary and f i n a n c i a l  
support. 
t he  p ro jec t  manager f o r  t he  a i rborne  wind shear de tec t i on  and 
avoidance system, we're not  l ook ing  a t  t he  d i v i s i o n  ch ie f ,  d i r e c t o r ,  
deputy associate d i  rec to r ,  associ a te  admin is t ra to r ,  o r  even t h e  

Each program i s  i d e n t i f i e d  i n  t h i s  p lan  ... On t h e  

I ' d  l i k e  t o  assure you i n  t h i s  case that...we're l ook ing  a t  

6 



admin is t ra to r .  By and large.. we're not t a l k i n g  about NASA Head- 
quar ters .  
government agencies and the  p r  vate sector. I have ways t h a t  I can do 
it, t h a t  as f a r  as I know i n  terms o f  the budgetary minds i n  Congress, 
i n  terms o f  j u s t i f y i n g  myself, i n  terms o f  performance o f  t he  people 
I ' m  working w i th .  
t ions. . . real ly ex is ts .  We were ser ious when we were consider ing the  
study group i n  i t s  i n i t i a l  evo lut ion,  we're ser ious now as we've 
expanded the  scope, we're serious...at the working l e v e l  . 

We're t a l  k i n g  about a cooperat ive e f f o r t  between two 

But when you t a l k  t o  people i n  management pos i -  

Un iden t i f i ed :  Are you saying t h a t  a major step you see i s  developing 
research.. . radar  a i  rborne, bu t  you' r e  not commit t ing now, t h a t  t h a t  
w i l l  be implemented on f u t u r e  a i r c r a f t ?  

Schlickenmaier: 
a i rborne  Doppler weather radar  program. The program we' r e  addressing 
now i s  t h e  a i rborne  wind shear de tec t ion  and avoidance program. Now, 
we're a l l  b i g  boys, and we w i l l  understand t h a t  by and l a r g e  we're 
t a l k i n g  about Doppler weather technology app l ica t ions ,  bu t  it goes a 
b i t  beyond t h a t :  not  j u s t  l ook ing  a t  the development o f  a research 
sensor. I ' m  l ook ing  a t  p u t t i n g  together the  pieces t h a t  can go i n t o  
an operat ional  land ing  system. One o f  the  reasons I t a l k  about v e r i -  
f i c a t i o n  and i n v i t i n g  some o f  the manufacturers, i s  t h a t  we'd l i k e  t o  
see a package...In essence I am look ing  a t  an operat ional  package t h a t  
i s  designed t o  go i n t o  a 757 or  767 or even a 737, too. I ' m  not  na ive 
enough t o  t h i n k  t h i s  can be done a l l  a t  once. There's a f a i r  amount 
o f  research t h a t  needs t o  be done. Some o f  t ha t ,  o f  course, depends 
on how we're scoping t h i s  problem, and how we p lan  on t h e  intended... 
Second p a r t  o f  the  quest ion,  how f a r  are we p lanning on going w i t h  the  
development, i n  essence, I th ink ,  what we have done i n  the  past, and 
what I ' d  l i k e d  t o  be able t o  do now i s  show t h a t  it i s  t e c h n i c a l l y  
feas ib le ,  commercially f e a s i b l e  t o  have a c e r t i f i a b l e  p iece o f  
equipment . 

I n  the  olden days ... we were asked t o  look a t  t h e  

Bowles: You need a 
research sensor w i t h  d e t a i l e d  engineering s tud ies  t h a t  address t h a t  
second quest ion.  
hardware w i t h i n  the  next X number o f  years. 

You don ' t  need a piece o f  hardware t o  do tha t .  

You don ' t  need t o  b u i l d  t h a t  second p iece of 

Schlickenmaier: 
What I ' d  l i k e  t o  be able t o  f o s t e r  i s  t o  look a t  a number o f  ways t o  
do it. What I ' d  l i k e  t o  be able t o  look a t  i s  an implementat ion 
program. So t h a t  i n  essence, w e ' l l  keep t h e  government's involvement 
w i t h  the  development a t  a minimum, b a s i c a l l y  down t o  t h e  research 
sensor and t o  naming the  d e t a i l e d  engineer ing spec i f i ca t i ons .  ..and 
going out w i t h  a program t h a t  says t h e  government, a t  l e a s t  from the  
FAA p o i n t  o f  view, w i l l  sponsor some of the  costs  f o r  t he  development 
o f  and f l i g h t  o f  t h i s  p iece o f  equipment ... and then t o  put  i t  on board 
an a i r l i n e r .  

From the  government's p o i n t  o f  view, probably not. 

Bowles: Le t  me add one t h i n g  t h a t  I th ink  i s  s i g n i f i c a n t .  Th is  i s  
based on my t r a v e l s  and experience i n  t h i s  community. Out the re  on 
t h e  a i rp lane  s ide  o f  t he  issue, some h igh l y  placed and s i g n i f i c a n t  
people f e e l  t h a t  wind shear i s  a t  t he  top or the  top  i n  terms o f  
_. ;33ucs C...I_ f ac ing  a v i a t i o n  safety. So we're not working a nnrfia! problem, 
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i t ' s  p r e t t y  s i g n i f i c a n t .  The o ther  t h i n g  t h a t  I would l i k e  t o  p o i n t  
out  i s  j u s t  from a casual overview--wel l ,  a c t u a l l y  some mandatory 
reading t h a t  C l i f f  gave me over the  weekend--it seems t o  me t h a t  what 
we're t a l k i n g  about, and the re  are good words i n  the re  on a system 
approach t o  the  problem, w i t h  the  t h r u s t  r e a l l y  being from a techno- 
l o g i c a l  g iven p o i n t  o f  view. What can we do t o  enhance LLWAS? What 
a re  the opt ions o f  te rmina l  Doppler and the  a i rborne  op t ions? I say 
t h a t  because what I want t o  t a l k  about embraces t h a t  dimension t o  some 
extent. I ' d  l i k e  t o  get your  feedback, so please f e e l  f r e e  t o  
i n t e r r u p t .  Back i n  January, C l i f f  Hay s t a r t e d  h i s  t r a v e l i n g  through- 
out  the country and came down t o  Langley and sa id  "What are you guys 
doing i n  wind shear?" It tu rns  out t h a t  when we sa t  back and re -  
f l e c t e d  on i t  a b i t ,  i t  turned out t h a t  a number o f  t h ings  were going 
on, and we spent about a month and a h a l f  g e t t i n g  i n t o  a l l  t h e  
p r i n c i p a l  p layers here. As C l i f f ' s  exerc ise began t o  bu i l d ,  February 
and March t ime per iod,  i t  became c l e a r  t h a t  t he re  was going t o  be a 
need t o  p u l l  toge ther  f o r  some in format ion.  And being b a s i c a l l y  a 
lazy  guy, and r e a l i z i n g  t h a t  a l o t  o f  work was involved,  I t r i e d  t o  
get out among some people and say from a Langley perspect ive,  can we 
hang our work on a s t r u c t u r e  t h a t  r e a l l y  goes a t  i d e n t i f y i n g  and 
e labora t ing  what we' r e  c u r r e n t l y  doi  ng and bui  l d i  ng on t h a t  techno1 ogy 
basis t o  get a t  some of the  more, o r  d r i v i n g  towards the  so lu t ions ,  
r e a l l y ,  t o  the  hazards o f  f l i g h t  posed by l o w - a l t i t u d e  de tec t i on  wind 
shear? And we d i d  tha t ,  and i n  the  process i t  invo lved  a couple o f  
d i rec to ra tes ,  and th ree  d i v i s ions ,  and f i v e  branches. It was q u i t e  a 
n i ce  exerc ise t o  p u l l  together  a l l  t h i s  s t u f f  from d i s s i m i l a r  p o i n t s  
o f  view. 

The f i r s t  quest ion we asked ourselves was "Did we have a program?" and 
the  answer was no, we d i d  not have a focused program. The second 
quest ion we asked was "DO we want one, o r  should we have one?" and the  
answer was yes. The t h i r d  quest ion was obv ious ly  "What should the  
program be?", and t h a t ' s  what y o u ' r e  going t o  hear about. 

I ' m  not going t o  make t h i s  a viewgraph t h i n g  here, because, as Leo 
pointed out, we've got some rea l  techn ica l  s t u f f  t o  get a t ,  so I ' m  
going t o  t r y  t o  h i g h l i g h t  what we've done. When we look a t  ongoing 
and approved e f f o r t s  a t  t he  center we have work going on i n  f i v e  areas 
approved o f  a t  t he  top  l e v e l :  hazard cha rac te r i za t i on ,  a i rborne  
Doppler radar (a  program t h a t  Leo w i l l  e laborate on), s imu la t i on  o f  
weather hazards, the  aerodynamic pena l t i es  due t o  heavy r a i n  e f f e c t s ,  
and f l i g h t  c o n t r o l s - - a l l  approved and funded a t  some l e v e l  a t  OAST. 
Whereas t h i s  work i s  e x c e l l e n t  and the  c o l l e c t i o n  o f  t h i s  a c t i v i t y  
forms bas ic  technology development t rends, i t  d i d  not r e a l l y  address 
i n  a coordinated way o r  d r i v e  towards so lu t i ons  from a systems p o i n t  
of view. So, we choose i n  b u i l d i n g  our proposal t o  b u i l d  on t h a t  
technology base, d r i v i n g  towards a systems-level R&D program wi th  
f u t u r e  emphasis on the  development and demonstration of candidate 
de tec t ion  warning avoidance, wind shear r i s k  reduc t ion  systems. 

Now, from our perspect ive,  t he  fou r  key f a c t o r s  were: sensors, hazard 
c r i t e r i a ,  f l i g h t  management system, and procedures. 
po in t  of view o f  sensors, we have a t  t h i s  center  t he  oppor tun i ty  and a 
demonstrated c a p a b i l i t y  w i t h  two a i rp lanes  t o  penetrate l o w - a l t i t u d e  
wind shear, namely the  severe storms a i rp lane  t h a t  has a long, 

Now from t h e  
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d i s t i ngu ished  record i n  t h a t  area and a very f l e x i b l e  and programmable 
f l i g h t  management system embedded on a 737. C lear ly ,  we are no t  
say ing t h a t  we can go f l y  i n t o  hazardous cond i t i ons  w i t h  t h i s ,  but  t he  
e v o l u t i o n  of t he  f l i g h t  management technology should be r e f l e c t e d  and 
ta rge ted  towards t h a t  k i n d  of system. That p a r t i c u l a r  a i rp lane  o f f e r s  
a l o t  o f  oppor tun i t y  i n  terms o f  showing and demonstrating what can be 
done from an end-to-end system p o i n t  o f  view, s e n s i t i v e  f l i g h t  crew, 
development t o  amel iorate the  hazards o f  f l i g h t .  So, we have two 
oppor tun i t i es  i n  i n  s i t u  de tec t ion  warning, de tec t i on  and a l e r t i n g .  
The a i rborne  Doppler program i s  an e f f o r t  t h a t  Leo w i l l  address. The 
o the r  oppor tun i ty  t h a t  we have i s  t o  make use o f  the  Wallops SPANDAR, 
S-band radar, which i s  (on paper) a radar t h a t  has c h a r a c t e r i s t i c s  and 
performance fea tures  very much l i k e  tha t  being proposed i n  the  t e r -  
minal  Doppler program. What i t  doesn' t  have a t  t h i s  p o i n t  i s  some of 
t h e  support  processing on the  ground, but  we t h i n k  t h a t  t h i s  w i l l  
o f f e r  a l o t  o f  oppor tun i ty  t o  t e s t  t h e  candidate technology t h a t  I 
w i  11 be t a l  k i n g  about. 

Now w i t h  t h a t  Complement and oppor tun i ty  o f  v a r i e t y  o f  sensor mix, 
you've got a process t h i n k i n g  o f  a i rborne systems; eventua l l y  i t ' s  t h e  
f l i g h t  The 
behind-the-panel processing, the  algor i thms, the  system thresholds,  
very complex problems here. You se t  the system thresholds too  low, 
you get nuisances, crews r e j e c t  the v a l i d i t y  o f  the  process; and you 
se t  them t o o  high, you get sucked i n t o  the  hazards t h a t  are cond i t ions  
a t  which you may end up w i t h  a rea l  performance d e f i c i t  o f  t he  a i r -  
plane. F l i g h t  q u a l i t y  i nd i ces  f o r  go/no-go dec is ions and a l so  f a c t o r  
i n  the  e f fec ts  of t he  p o t e n t i a l  hazards o f  heavy r a i n  i n  the  c r i t e r i a .  
That 's  look ing  a t  what i s  the appropr ia te sensor mix, what i s  the  pro- 
cessing behind the  panel. The o ther  two areas address the  complement 
t o  t h a t  problem. It asks the  quest ion fundamentally, "What informa- 
t i o n  should the  f l i g h t  crew have?", "When does he need i t  i n  t h i s  
opera t iona l  scenario?", "HOW should it be displayed?",  and "HOW w i l l  
i t  be used e f f e c t i v e l y  t o  manage f l i g h t  path and con t ro l  f l i g h t  path 
and procedures?" It i s  very tempt ing i n  a technology environment t o  
go deep i n t o  any one o f  these areas. Ne f e e l  the  key i s  t o  take  
h o r i z o n t a l  cuts  through t h i s  sensor m i x  and u n i f y  the  systems, w i t h  i t  
coming together  i n  t h e  f r o n t  end o f  the a i rp lane.  

crew t h a t  we're t a l k i n g  about g e t t i n g  the  i n fo rma t ion  to .  

The goal o f  t he  program as we are proposing i t  i s  t o  develop and 
demonstrate the  technology f o r  l o w - a l t i t u d e  wind shear r i s k  reduc t ion  
through s imu la t i on  o f  f l i g h t  t e s t  o f  candidate f l i g h t  management 
system concepts. We propose t o  do t h i s  as a three-phase approach: 
a base l ine  system t h a t  addresses what can we do i n  s i t u  f o r  de tec t i on  
a l e r t i n g ,  l ook ing  a t  what b e n e f i t s  may be der ived  from q u a n t i t a t i v e l y  
assessing the  wind shear component along t h e  depar ture o r  approach 
path, and e f f e c t i v e l y  communicating tha t  i n fo rma t ion  from a ground- 
based Doppler t o  an a i rp lane;  and thirdly, t h e  a i rborne  opt ion,  which 
i n  i t s e l f  has many, many a t t r a c t i v e  advantages i f  the  technology can 
be achieved. 

A theme running through t h i s  would be always the  i n fo rma t ion  requi re-  
ments o f  t he  f l i g h t  crew, how t o  get i t  onto and in teg ra ted  i n t o  t h e  
f l i g h t  management system. L e t  me discuss one of those procedures. 
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There i s  some work going on i n  t h i s  country, some o f  i t  being spon- 
sored by Langley Research Center and one p a r t  o f  it being sponsored by 
a j o i n t  FAA/NASA Langley j o i n t  u n i v e r s i t y  program, t h a t  suggests t h a t  
these a i rp lanes  t h a t  we are t a l k i n g  about have an awful l o t  o f  p e r f o r -  
mance i f  we know how t o  d i s t r i b u t e  i t  through the  wind shear en- 
counter. I n  o ther  words, t he  ho r ro r  s t o r y  may not  be a l l  t h a t  bad if 
we know how t o  d i s t r i b u t e  the  performance through the  encounter. That 
requi res forward- look ing in fo rmat ion .  So what I ' m  saying i s  t h a t  t h e  
way we are operat ing a i rp lanes  today we know we have problems. C l i f f  
has worked w i t h  fo re ign  countr ies,  Boeing, United, i n  a consort ium t o  
look a t  and improve techniques, and t h a t ' s  good, because t h a t  i s  what 
you can do i n  the near term. 
oppor tun i ty  t o  do be t te r ,  t o  ask t h e  quest ion:  
can do?" 
y e t  t o  be determined. The s t o r y  i s  not  a l l  t h a t  bleak. Now the  o ther  
aspect o f  what we are proposing here i s  t h a t  i n  t h i s  area we a l so  see 
a strong use o f  the  Wallops SPANDAR t o  do a m u l t i p l e  Doppler ana lys is  
dur ing the  v e r i f i c a t i o n  per iod  o f  t he  a i rborne  program, and t h i s  a l so  
provides independent data sources dur ing  the  i n  s i t u  a l e r t i n g  and 
de tec t ing  phase. 

What we are seeing up here i s  t h e  
"What's t he  best we 

How can we achieve t h a t  w i t h  a forward- look c a p a b i l i t y  i s  

Now l e t  me h i g h l i g h t  some o f  the  key areas t h a t  we see, t h a t  cons t i -  
t u t e  some o f  t he  bas ic  areas o f  the  e f f o r t .  I won't go through these 
i n  d e t a i l ;  I'll j u s t  l e t  you s o r t  o f  scan them. But these are not  t o  
be considered as being i n  p r i o r i t i z e d  form or as a d e f i n i t i o n  o f  t h e  
sequence. 
t h e  a i rborne work i s  t h a t  a system ought t o  be u n i f i e d  t o  the ex ten t  
t h a t  when a i rborne  radar becomes i n e f f e c t i v e  f o r  whatever sets  o f  
reasons--dry condi t ions,  poor s igna l  -to-noise, or whatever--a system 
ought t o  be prepared t o  g r a c e f u l l y  degrade, s t i l l  p rov id ing  some i n -  
formation, and t h a t ' s  what we see as b a s i c a l l y  t he  reason f o r  s t a r t i n g  
a t  the i n  s i t u  de tec t i on  and a l e r t i n g  area. For example, what we see 
here, moving on t o  the  a i rborne  end o f  the  problem, are two key areas, 
f l i g h t  deck i n t e g r a t i o n  and f l i g h t  systems technology. Fusing 
together  the  avai  1 ab le sensor complement w i t h  the  appropr ia te  i n f o r -  
mation processing backed up by the  hazard c r i t e r i a  t o  t r a n s f e r  
in fo rmat ion  t o  these two guys who we're t r y i n g  t o  do the  j o b  for...In 
t h e  case o f  where a radar capabi 1 i t y  may become i n e f f e c t i  ve f o r  what- 
ever se t  o f  reasons, you don ' t  leave a l o t  o f  a i rp lane  i n  the  hands o f  
a crew w i t h  no in format ion.  You s t i l l  do the  best you can by fus ing  
t h e  other sensor complement together .  We t h i n k  t h a t ' s  very impor fan t  , 
p a r t i c u l a r l y  from the p o i n t  o f  view o f  g e t t i n g  acceptance of such a 
system e a r l y  on. So, I w i l l  make copies o f  t h i s  and g ive  you t h e  
d e t a i l s  on the  s p e c i f i c  elements i f  you l i k e .  

One o f  the  th ings  t h a t  we see t o  be a key p o i n t  o f  focus i n  

I n  order t o  do t h i s  program, it w i l l  take  a f a i r  amount o f  f a c i l i t i e s  
a t  the center:  t he  737 a i r p l a n e  and f l i g h t  research system c a l l e d  
TSRV, t he  F-106, t he  small admin i s t ra t i on  a i rp lane,  t he  Wallops 
SPANDAR, t h e  s imu la to r  complex, a c loud-scale f l u i d  dynamics model 
t h a t  we put together  t o  study s e n s i t i v i t y  o f  microburst  phenomena a t  
var ious uncer ta in t ies ,  t h e  4- by 7-Meter Wind Tunnel f o r  the  heavy 
r a i n  ef fects  tes ts ,  and the  land ing  loads t rack.  
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The way we see i t  coming together  i s  the concepts development, many o f  
which are i n  the  e a r l y  stages of formation p a r a l l e l e d  by t h e i r  appro- 
p r i  a t e  sensor development , pr imar i  l y  s imulator  eva lua t ion  o f  candidate 
systems i n  terms o f  e f fect iveness o f  performance; and some o f  t h e  
r e l a t e d  app l ied  human fac to rs  issues tha t  a r i s e  i n  t h a t  area, and 
f i n a l l y  f l i g h t  t e s t  v e r i f i c a t i o n  of the most promising system con- 
cepts. Again, we would be very ca re fu l  o f  how we operate the  b i g  
a i  r p l  ane i n  any weather envi  ronment. 

I don ' t  want t o  get i n t o  the  budgetary quest ion here, but  what I would 
l i k e  t o  show you i s  the  cur ren t  s ta tus  o f  t he  funding l e v e l s  going 
i n t o  t h i s  a t  the  cu r ren t  time. I n  terms o f  t he  ongoing and approved 
programs, which were t h e  f i r s t  f i v e  tha t  I mentioned, t h a t ' s  t h e  
general l e v e l  o f  funding i n  terms o f  net R&D, and t h a t  number has t o  
be looked a t  s o r t  o f  c a r e f u l l y .  The way NASA works, these are spend- 
ab le d o l l a r s  t o  procure hardware or research products. You've got t o  
m u l t i p l y  t h a t  number by two t o  get t h e  t o t a l  program value, the  over- 
head, the  computer, support serv ice  people, etc., and t h i s  number does 
not  a l so  inc lude s a l a r i e s  fo r  t he  s t a f f .  Overa l l ,  you know, we're 
t a l k i n g  about something i n  terms o f  $1.3 m i l l i o n  cu r ren t  e f f o r t ,  which 
inc ludes the  I M S  cost .  That ' s  what i t  was i n  '85, and i n  '86; t h e  
s t o r y  i s  there.  O f  course, 
t he  proposal t o  ca r ry  on w i t h  the  e f f o r t  as I ' v e  o u t l i n e d  i t  i s  un- 
funded a t  t h i s  p o i n t  i n  terms of d r i v i n g  towards the  systems program. 

So t h a t ' s  what the cur ren t  s i t u a t i o n  i s .  

Now, l e t  me t e l l  you what I t h i n k  some o f  t he  s p e c i f i c  payof fs  f o r  t h e  
a i  rborne Doppler d e r i  ved composite system w i  11 1 ook 1 i ke. 
t o  put  t h i s  together  a t  FAA request, and i t ' s  a d i f f i c u l t  s to ry  t o  
make i n  some respects. I would l i k e  t o  pose what I f ee l  from a f l i g h t  
management p o i n t  o f  view, not being a radar guy, what I f e e l  genera l l y  
moves i n  the  d i r e c t i o n  o f  some system requirements. A i rborne systems 
t h a t  can de tec t  wind shear ahead o f  an a i r c r a f t  represent a technology 
t h a t  has d i s t i n c t  advantages. I don ' t  t h i n k  we can argue t h a t  gener ic 
po in t .  
supplement TDWR where TDWR ex i s t s ,  which I t h i n k  i s  the  p o i n t  t h a t  
Herb was making--s t ra teg ic  vs. t a c t i c a l .  

We' ve had 

C lea r l y  f o r  a i r p o r t s  not t o  be pro tec ted  by TDWR, c e r t a i n l y  

NOW, yesterday, I t a l k e d  t o  John McCarthy, who c a l l e d  me a f t e r  h i s  
Congressional exerc ise  up a t  Washington l a s t  week, and we got i n t o  
t h i s  mat te r  o f  TDWR and what i s  l i k e l y  t o  be t h e  oepra t iona l  mode as 
he sees it. And I was surpr ised. I was under the  impression t h a t  
t he re  was a f i r m  p o s i t i o n  t h a t  TDWR was t o  be an adv isory system only. 
That never would you issue a...to an airplane, based on t h a t  system. 
John i s  now saying t h a t  i s  fa lse.  That you ' re  t a l k i n g  about quant i ta -  
t i v e  i n fo rma t ion  t r a n s f e r  t o  a i rp lanes.  
f o r  a d ivers ionary  ... c l e a r  t h a t  up f o r  me, Herb. 

That would prov ide a bas is  

Schlickenmaier: That 's  news. I t h i n k  t o  put  it i n  perspect ive,  it 
might be a goal o f  what he sees f o r  TDWR. But I t h i n k ,  and I ' m  
speaking out  o f  school a t  t h i s  time, but I ' d  be very surpr ised. 

Bowles: 
ence between the  a i rborne  op t ion  and t h e  ground opt ion.  It seems t o  
me t h a t  what we're t a l k i n g  about i n  the a i rborne  case i s  p rov id ing  
i n fo rma t ion  f i ow  t o  t h e  capta in  i n  command, t h e  guy who can r e a l l y  

I ' d  l i k e  t o  p o i n t  out  as I see it, conceptual ly,  t h e  d i f f e r -  
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make the crew feel safe, as opposed t o  advisory information from 
whatever sets of forces terminate on the f l i g h t  deck. And funda- 
mentally, t h a t ' s  a b i g  difference i n  how you go about engineering 
these two different  a l ternat ives ,  i n  my view. I t h i n k  t h a t ' s  k i n d  of 
motherhood, b u t  i f  you t h i n k  through i t  just a l i t t l e  b i t ,  there are  
some fundamental differences i n  how you go a t  the airborne wind shear 
detection warning avoidance system versus the ground system. We t h i n k  
t h a t  this proposed program will stimulate and accelerate the develop- 
ment of airborne remote sensor technology on w i n d  shear detection, and 
there i s  not a l o t  tha t  has been done i n  that  area today, i n  terms of 
simulation. We a l l  give i t  good words, b u t  there are very few govern- 
ment resources going i nto tha t  sensor techno1 ogy . 
We t h i n k  t h a t  the end-to-end system approach tha t  we are  laying out, 
including the f l i g h t  deck integration, may fos te r  early acceptance by 
the aviation community, by the ca r r i e r  operators. You can ' t  really 
see the magnetron or the waveguide doing this t h i n g ,  b u t  i t s  product 
arr ives  and how you integrate on the f l i g h t  deck are visible.  
t h i n k  that  the integrated systems approach will provide an effect ive 
w i n d  shear detection and w i t h  redundance of i n  situ detection warning 
i n  cases where radar becomes ineffective.  
group will do i s  t ry  to  understand w h a t ' s  the l i m i t i n g  bounds on the 
performance of the airborne radar. 
What is the appropriate signal-to-noise? The point i s  tha t  i f  wind 
radar becomes ineffective i n  some forward-look mode, we're s t i l l  
talking about a system concept tha t  provides some degree of protection 
th rough  that  mechanism. We t h i n k  tha t  w i t h  40 seconds of equivalent 
look-ahead time based on whatever the range gate has to  come out for  
the range of ground speeds a t  which airplanes approach runways, tha t  a 
system can be derived w i t h  expected performance to  recover the 3-sigma 
cases based on the data base published to  date i n  terms of looking a t  
3-sigma microbursts. 

I 

We 
I 

And, one t h i n g  I t h i n k  this 

How many drivers m i g h t  we see? 

Finally, we t h i n k  this system approach will provide a r e a l i s t i c  pro- 
tection system; that  i s ,  i t  will allow the p i lo t  t o  f ly  above wind  
shears or t o  avoid underflying them. So w i t h  tha t ,  I ' d  just l ike  t o  
finish by saying what design features I have on the charts may not be 
the total  system requirements. I t h i n k  the system should be ta i lored 
t o  f l i g h t  domain, requiring the maximum wind shear protection, obvi- 
ously, and where you really wan t  t o  get t h a t  risk reduction. I would 
argue tha t  t h a t ' s  under 2000 f ee t  of a l t i tude ,  typically on approach- 
i n g ,  landing, and departure targets.  And the system has to  be looked 
a t  i n  l i g h t  of the k i n d s  of phenomena tha t  we are  trying t o  reduce 
risk i n .  We need t o  understand the system design against the l i f e  
cycle character is t ics  of the microburst landing. When you look a t  
that ,  I t h i n k  there i s  some glimmer of hope. You're talking about 
4 minutes i n  from outer marker. 
phenomenon be? Four minutes i n  the future,  or somewhere i n  the 
approach path where i t  threatens me? And you begin t o  see tha t  the 
problem i n  terms of sensing may not be as d i f f i c u l t  as we thought. 
guess what I ' m  saying i s  that  we do not need to  look off the starboard 
w i n g  20 miles and infer  wind shear. 

You go back and ask, where can this 

I 

The baseline system tha t  we're talking about provides a real time 
vector wind derived from f u s i n g  available onboard i n  situ measurement 
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devices, both INS or equivalent, and data on the energy s ta te .  We've 
implemented an energy s t a t e  system on the 737, which is  s t r i c t l y  
pneumatic, and tha t  one piece of additional information allows us to  
separate and do a good estimator on vertical wind counts. Without i t ,  
you're a t  the mercy of the other sensor character is t ics .  The key to  
tha t  will  be an apparent technology w i n d  s t a t e  estimator, and i t  would 
provide an i n  situ wind shear detection a le r t ing  capability. 

Now the base1 i ne augmented by and integrated w i t h  a forward-1 ook 
airborne wind  shear radar clearly i s  t h e  direction we want t o  go. 
Now, the forward-look radar capability would, i t  seems to  me, have to  
go out t o  the measurement of iner t ia l  winds on the reference f l i g h t  
path w i t h  suppression of a i r c r a f t  motion components. 
i t  i n  your system and also Leo has done i t  i n  the early f l i g h t  t e s t  of 
an airborne radar here a t  Langley, 1979 and 1982. A 40-second time 
look ahead based on ground speed provides  airspeed recovery, we 
believe, fo r  the 3-sigma microburst. T h a t ' s  based on the data base 
tha t  we have available. We believe t h a t  i t  is possible tha t  such a 
system could be direct-coupled to  autopilot mode fo r  wind shear 
recovery and escape. 
c l u t t e r  fo r  approach as well as fo r  quasi s t a t e ,  and fo r  takeoff and 
departure. And i t  ought t o  provide also a scanning capabili ty to  go 
over and look a t  meteorological areas o f  in te res t ;  t h a t ' s  inherent i n  
the system design. And f ina l ly ,  the integrated system concept should 
provide fo r  graceful degradation t o  i n  s i tu  wind shear a ler t ing mode 
i n  cer ta in  conditions, therefore retain some degree of protection and 
reduction from d i f f i c u l t  cases for  the radar signal--in such cases as 
wind shear and optically c lear  air, o r  air w i t h  only blowing dus t ;  
some types of dry microbursts, and this number is  i n  dispute, b u t  I 
have t o  use a l o t  of references as I got  them. I t  turns out t ha t  we 
t h i n k  tha t  82% of recorded wind  shear are wet. Every microburst type 
wind shear is  wet somewhere, and you have t o  know how to  look for 
them. And we t h i n k  tha t  82% i s  s t a t i s t i c a l l y  biased towards dry. 
the MIST program may actually revise the dry bias. I guess again the 
question is from a radar-specific point of view, is  there some way t o  
get a t  the question of expected performance i n  the dry microbursts 
environment? The FAA has asked for  some answers i n  tha t  area, and 
t h a t ' s  k i n d  of our response. Perhaps we can do bet ter .  

Peter has done 

I t  requires adequate suppression of ground 

And 

And f ina l ly ,  the system has t o  be integrated w i t h  the f l i g h t  deck to  
address the information transferred t o  people we are  really designing 
i t  for ,  the f l i g h t  crew. So, t ha t ' s  all  I have a t  this point. I f  we 
can get back as we go through the day and a half ,  I have some addi- 
tional stuff i f  you want t o  go i n t o  i t ,  b u t  perhaps tha t  would be 
inappropriate. 
Do you have any questions? 

A t  this time, I would l ike t o  turn i t  over t o  Leo. 

Hildebrand: Just  a coment here. I t  seems l ike  a very well conceived 
plan and you certainly seem t o  be a iming  a t  a l o t  of very good areas. 
One of the th ings  you mentioned though, and I might  have detected a 
1 i t t l e  defensiveness there that  I 've heard other people mention, tha t  
is: dry microbursts versus wet and droughts happen i n  a dry area. And, 
my feeling is tha t  the j o i n t  probability question of occurrence is  
something tha t  we should calculate--because tha t  number will show that  
i t  doesn't matter. That niiriiber will show that  even i f  only 20% of the 
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microbursts  occur i n  wet areas, t h a t  20% i s  p o t e n t i a l l y  so much more 
dangerous due t o  j u s t  l i g h t  t r a f f i c  loads, etc., t h a t  we don ' t  have t o  
worry about t h a t  question. 
quest ion as a p o t e n t i a l  t h i n g  f o r  people t o  shoot a t  t h i s  whole 
program w i t h  . 

And I t h i n k  we should get r i d  o f  t h a t  

Bowles: I duly  noted your comment there,  and I have had one discus- 
s ion w i t h  John on t h i s  mat ter ,  and between him t e l l i n g  me how good h i s  
performance was i n  f r o n t  o f  Congress, I d i d n ' t  r e a l l y  get the  
in format ion.  

Staton: Some people would l i k e  us t o  promise t o  look a t  c l e a r  a i r  
w i t h  an a i rborne  radar and we're no t  q u i t e  ready t o  do tha t ,  and I 
agree w i t h  you. 

Hildebrand: 
we can look a t  wet microbursts  w i t h  technology we can get t o  and we 
know how t o  get t o  today. 
p r o b a b i l i t y  problem i n  the  face we can then say t h a t  t h i s  i s  a program 
t h a t  w i l l  have enormous economic payof f  i n  s p i t e  o f  t he  f a c t  t h a t  we 
might not see some o f  those dry  microbursts .  I t h i n k  t h a t  i s  a very 
important p o i n t  and I t h i n k  we should set  t he  issue t o  r e s t  o f  
worry ing about wet versus dry. 

I t h i n k  t h a t  there  i s  a very reasonable expec ta t ion  t h a t  

And I t h i n k  when we look a t  t he  d i r e c t  

Bowles: I cou ldn ' t  agree w i t h  you more, but  I ' v e  got a f e e l i n g  t h a t  
Leo may not  completely shake i t  a t  t h i s  po in t .  I would a l so  suggest 
t h a t  t he re  i s  an opera t iona l  asset t o  t h i s .  These th ings  are wet 
somewhere; i n  our c loud scale model we see a l o t  o f  i n t e r e s t i n g  
physics. The physics w i l l  g ive i t s e l f  away i f  you could look a t  them. 
Now remember, i f  we de f ine  the  gaming area o f  where we want the  system 
t o  be e f f e c t i v e  i n  reduced r i sks ,  a prudent opera t iona l  phi losophy 
would be before you get conf igured out a t  the  ou ter  marker, t o  go up 
and look. 

Now, what do we know? We know how long i t  takes r a i n  i n  these env i -  
ronments t o  get t o  the  ground, how long it takes before the  ou t f l ow  
diverges. We a l so  know how long i t  takes the  ou t f l ow  t o  reach maximum 
i n t e n s i t y .  Remember we're working p lus  o r  minus fou r  minutes; t h a t ' s  
where the re  are the  hazards o f  the  a i rp lane;  i t ' s  not  a t  2000 f e e t  and 
250 knots. That 's  my message, from a non-radar guy. Give me some 
i n d i c a t i o n  o f  what the  winds are out there,  20, 30, 40 seconds i n  
f r o n t  and w i t h  acce le ra t i on  c a p a b i l i t y  o f  3 knots per second; you can 
make the  a i rp lane  do a l o t  o f  th ings.  That 's  my message. 
c lea r l y ,  I t h i n k  the  o ther  t h i n g  t h a t  I would not l i k e  t o  see i s  t h a t  
i n  some respects t h i s  and the  te rmina l  Doppler e f f o r t  t o  become, i n  
any sense, compet i tors o r  viewed as one o r  the  o ther  being an a l t e r -  
na t i ve  technology. I t h i n k  t h a t  would be abso lu te ly  wrong. I 
cou ldn ' t  agree more w i t h  what Herb sa id  about t h a t  issue, and u n t i l  we 
understand the f u l l  f a c t s  about TDWR t o  deploy and operate, t h a t  even 
requi res t h a t  we g i ve  t h i s  end o f  t he  problem a cont inued look.  

But, 

C r a b i l l :  The idea t h a t  you could have an e f f e c t i v e  a i rborne  Doppler 
weather radar could change the  deployment phi losophy f o r  t he  ground- 
based te rmina l  radar. 
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Bowl es: Certai nly , how you integrate the surf ace data. Another 
message: i f  we don't  do i t ,  the French are. The 8-320's are already 
beginning t o  advertise wind shear protection on the ai rpl ane, which 
eventually you fellows are going t o  have t o  wrestle w i t h  on an 
envelope-developed airplane. 
talk about the aviation systems i t ' s  the guys i n  the seats  up f ront  
there tha t  we are trying t o  provide the information to. 

So, you've got t o  keep i n  mind as we 

Hildebrand: 
terminal Doppler radar a t  an operational a i rpor t  i n  Chiang Kaishek 
A i  rport. 

The Taiwanese are just  placing the order fo r  the f irst  

Bowles: 
T h i s  is a l i t t l e  study we d i d  based on the August Znd, 6 PM 
Stevensville sounding u s i n g  a cloud scale model. The sounding had a l l  
the features,  the dry adiabatic boundary layer, a l o t  of moisture 
around freezing level,  a deep dry pocket above, so we used tha t  t o  
i n i t i a l i z e  the 3-D prime scale model and p u t  a 3-degree thermal pulse 
i n  i t .  And i t  produced this microburst. Which i s  f a i r ly  impressive 
i n  a way. The vortex r o l l s  are beginning to  get a b i t  of attention, I 
understand, based on the fellows that  unraveled the f l i g h t  data 
recorder. And there 's  even a tendency here t o  want t o  generate here a 
multiple, a cascaded-effect vortex a t  this particular time. T h i s  
par t icular  event based on the simulation is  a rapidly rising tops to  
60,000 f ee t ,  a l o t  of rain, up  t o  60 dBZ rain contours. So i t  was a 
really s ignif icant  event. We're not saying t h a t  this was the Dallas 
t h i n g ,  b u t  what we are saying is  that  this k i n d  of physics on tha t  day 
can produce this phenomenon. 

What m i g h t  we do i n  7 years w i t h  huge computer capacities? 

Staton: We're not talking about well-known, well-established radar 
technique. We are  i n  a whole new ballgame t ry ing  to  determine what 
the wind shear i s  on the ground looking down on the approach path. I t  
gives some indication tha t  this i s  different  from anything we've done 
i n  the past. 
branches that  are  involved i n  the radar work now, going back more than 
10 years i n  the microwave remote sensing of a l l  kinds:  radiometers, 
radars, developing the idea of radar analysis fo r  the SEASAT s a t e l l i t e  
scatterometers, scattering from the ocean surface, Doppler sharpening 
of the resolution ce l l s  t o  show what is i n  the small patches i n  such a 
way tha t  could be measured, wind vector near the ocean surface could 
be measured. 
account the surface roughness. 
scat ter ing from the ground i n  i t s  barest form. We have people r i g h t  
here i n  this room who have traveled all  over the northern hemisphere 
making just  tha t  k i n d  of measurement. Though we have some feeling fo r  
the nature of ground c lu t t e r  and what i t  is, we have no feeling up 
f ront  fo r  the nature of ground c lu t t e r  as i t  applies t o  low-level 
microburst...The f irst  foray, a t  l eas t  t o  mind, in to  airborne radars 
for meteorological-related ac t iv i t i e s  had t o  do w i t h  the use of the 
f i r s t  NOAA P3 delivered around 1977. We were the f i rs t  customers for  
tha t  airplane and we procured a copy of the t a i l s t i n g  radome and 
ins ta l led  i t  on the airplane and d i d  some f l i g h t  tes t ing around 
Wallops Island even before the X-band t a i l  radome was instal led i n  the 
P3. The  instrument tha t  was i n  t ha t  t a i l  was the dual frequency 
ineohsrent radar operating a t  S-band and K -band w i t h  mztched beam 

Some history of our radar program a t  Langley: two 

In reducing radiometer data, we have to  take i n t o  
We have a background i n  looking a t  

U 
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widths. 
woul d bear on NASA's ac t iv i t i e s  toward a sate1 1 i te-meteorol ogi cal 
radar. Here's a picture of the console of the P3 transmitter and 
receiver package i n  a nutshell. 

The intent  of tha t  program was to  make some measurements t ha t  

As time went by and i n t e re s t  on tha t  par t icular  application waned, we 
cannibalized a l o t  of this radar to  produce the doppler radar used t o  
participate w i t h  Norm Crabill i n  the sumner of 1982. 
experiments we had a Ku-band Doppler radar mounted i n  a Shorts 330 
a i r c ra f t ,  w i t h  the antenna located i n  a turret-s tyle  radome atop the 
a i rc raf t .  
t w i n  t a i l s  on the skyvan. 
simultaneously looking a t  the SPANDAR radar which we operated i n  the 
Doppler mode and w i t h  the F-106 storm hazard a i r c ra f t ,  flying radial 
paths i n t o  a thunderstorm the same time we and the SPANDAR were look- 
ing .  T h e  principal character is t ics  of the radar as i t  existed a t  the 
time were 13.90 GHz, 3000 pulses per second, 2-microsecond pulse 
length, and the standard 3 degrees beam w i d t h  that  everyone i n  radar 
seems to  have t o  l ive  w i t h ,  and a maximum unambiguous range of about 
50 km. The f i rs t  Nyquist interval i s  plus or m i n u s  16 meters per 
second. T h i s  turns out t o  be a pertinent t h i n g  tha t  comes back to  
haunt us w i t h  the low-level wind shear problem. W i t h  this k i n d  of 
beam wid th ,  a t  10-kilometer distance this i s  the k i n d  of transverse 
resolution you have to  l ive  w i t h .  The l a s t ,  of course, refers  t o  the 
feature tha t  we developed to  p u t  in to  the radar. 
s a t e  for the a i r c r a f t  motion: you are looking along the l ine  of 
f l i g h t ;  therefore the a i r c ra f t  velocity is  a sizable contributor t o  
what we can see i n  the Doppler spectrum. In this corner you are  
looking a t  a storm someplace w i t h  some velocity delta w i t h  respect t o  
the airplane and has some spectral shape which generally dwells beyond 
the Nyquist interval three or four times, and what we wanted t o  do 
w i t h  t h i  s instrument was record i nformati on on a pu l  se-by-pul s e  basis 
fo r  subsequent data analysis. 
computer system imp1 ementi ng the pul  se-pai r processor a1 gori thm for  
making the estimate of mean velocity spectrum. We used that  t o  con- 
t ro l  the VCO on the synchronous demodulator w h i c h  brought the signal 
t o  baseband, such that  the spectrum is  pulled into the f i r s t  Nyquist 
interval.  After making the f i rs t  guess as t o  what the cruising speed 
is ,  we get into the f i rs t  interval and this hones i n  on the spectrum 
and keeps i t  centered on the f i rs t  interval by recording the amount of 
the frequency s h i f t  of the osc i l la tor  and the time ser ies  data; we 
have a l l  the information there is  without being contaminated by the 
a i r c ra f t  motion (shows charts) .  
two successive antenna beam positions w i t h  vectors traced i n  mean w i n d  
i n  each of the radar resolution ce l l s  along the length of these two 
look directions. Shears involved are important. The idea is we were 
able t o  measure the mean velocity from cel l  t o  cel l  w i t h  no turbulence 
reflected i n  the data and from tha t  we can subtract  i n  both directions 
and measure wind shear as well as turbulence. The instrument i s  f a r  
from being anything the industry would want t o  use for  packaging 
standards; i t  occupies several racks of equipment. The idea is ,  of 
course, techniques; n o t  t o  t ry  and t e l l  people how to  do a job they 
know how t o  do a l o t  bet ter  than we do. T h i s  i s  what we have done i n  
the p a s t  w i t h  the Doppler radar. Notice there i s  no ground c l u t t e r  i n  
this data. We couldn't see i t  even i f  we wished; i t  is screened by 

W i t h  those 

I t  was scannable, b u t  mainly we looked rearward between the 
We looked a t  s i tuat ions where we were 

I t  l e t s  us compen- 

In the system we had a desk-top 

What's shown here is a plan view of 
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the top of the airplane. We d i d n ' t  t h i n k  of i t  as a problem a t  the 
time s i t t i n g  a t  9500-foot a l t i tude.  
where we try to  measure wind  shear near the ground, you have t o  con- 
t e n d  w i t h  several th ings .  Here's a sketch of the microbursts, and 
what one radar sees. I f  you l ive w i t h  one radar, of course you get 
one cu t  through t h i s  prof i le .  I f  your job is  t o  recognize a signature 
of a microburst, assuming one i s  present, then you have room for  these 
velocity patterns t o  form i n  your radar. All the action takes place 
a t  very low a l t i tudes  near the ground w i t h  substantial shears i n  the 
wind-driven aerodynamic boundary layer of surface of no wind ,  and tha t  
can increase dramatically i n  layers and we have got t o  contend w i t h  
measuring very strong shears very close to  the ground. Relating to  
what we must do t o  cope w i t h  this problem, this is a sketch of a 
typical 3-degree beam we can l ive  w i t h  on an airplane, and notice tha t  
we are  10 kilometers away on a 3-degree glide scope 500 meters up and 
your resolution cell  i s  also 500 meters wide. 
the ground tha t  shows a l l  the other places that  are the same range 
from the radar. All of these ce l l s  impact the ground and whatever 
ground c l u t t e r  there is  i n  the main beam and added t o  superimpose on 
the signal we get from the raindrop; also whatever power there is i n  
the sidelobes has been scattered i n  these places g i v i n g  signal back a t  
the same range. Data has been collected his tor ical ly  from instru- 
mented radio towers across the country, from 1500-foot towers. I t  has 
been noted tha t  from 50% of the time the passage of a common garden 
thunderstorm will show a shear greater than or equal t o  25 meters per 
second between the ground and the top o f  the tower. I f  you have 
purely laminar flow, no turbulence a t  a l l  i n  here, the fac t  t ha t  the 
cel l  is 500 meters h i g h  i n  th i s  case, the same height as the tower, I 
would say that  you are going to  see a spectral w i d t h  corresponding t o  
25 meters per second. The i n i t i a l  JAWS data doesn't show t h i n g s  being 
t h a t  severe, so I was a l i t t l e  b i t  comforted by that.  T h i s  may have 
not been the whole story, because the lowest cell  they were able t o  
measure was a t  l ea s t  75 meters above the ground, so i t  perhaps d i d  not 
r e f l ec t  the en t i r e  shear which was actually present looking direct ly  
in to  the cloud. 
wouldn't have s i tuat ions a t  l eas t  as severe as those of the common 
garden thunderstorms. I'm convinced we have t o  work on the s i tuat ion 
where we have very broad spectral widths just due t o  the w i n d  shear 
alone, irrespective t o  any turbulence present. Another view of the 
ground c l u t t e r  shows you looking ahead of the airplane; you t h i n k  you 
are  looking a t  this spot, for  example. T h i s  spot is  moving roughly a t  
the ground speed of the airplane towards you. These l ines  are the 
insections of spheres centered on the radar intersecting the ground 
w i t h  both sides constant length. Assuming level f l i g h t  and looking 
s t r a igh t  ahead, these could be parabolas on the ground and would be 
the low side o f  constant Doppler shift.  On the sidelobes you are  
looking a t  a l l  these patches of ground out t o  a given range t o  what- 
ever extent the sidelobe is  significant.  I t  comes a t  us i n  a l l  
veloci t ies  from zero to  the ground speed. 
aliasing. J u s t  t o  follow up on some of the t h i n g s  tha t  Roland just 
said,  i t  turns out if  I use his 40-second look-ahead time, I can just 
change the meters t o  f e e t  and use the same...From 10,000 f e e t  away, 
500 f e e t  h i g h ,  I have 40 seconds to  reach this point, which means tha t  
I don't. really have t o  see very far ahead of the af rplane i ' m  landing. 
I need only 40 seconds t o  one minute look ahead; I d o n ' t  need t o  look 

I f  we were going t o  do a problem 

Here's the c i r c l e  on 

So i t  is hard  t o  t h i n k  t h a t  i n  the microburst you 

We have a l l  the problems of 
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very far.  
off ,  I have t o  see the length of the runway plus the hazards exis t ing 
beyond. So I c a n ' t  take a single system and do both the short-range 
problem and the long-range problem i n  the sense tha t  I want t o  take 
advantage of the distance t o  be able t o  pump the PRF up h i g h  enough to  
do something about i t .  The problem of a l ias ing s t i l l  i s  there, and we 
have to  look a t  i t  i n  some detail  even w i t h  the relaxed constraint  
l ike  the one tha t  Roland's suggested we can l ive  w i t h  now. T h i s  is an 
old chart; i t  has some random fau l t s  on i t ,  some of them are s t i l l  
pertinent, and a t  l e a s t  they are worthy of some discussion. First one 
I just mentioned, the second one I mentioned, the t h i r d  one i s  what we 
call  a signal,  other people cal l  a q u i r k .  We are looking a t  range and 
there a re  techniques to  suppress range , cer ta i  nly pol a r i  za t i  on and a1 1 
kinds of t h i n g s .  There are  techniques for  p u l l i n g  the coherent ta rge t  
from the c lu t te r ;  what we are  dealing w i t h  is one k i n d  of c l u t t e r  
buried i n  another k i n d  of c lu t te r .  When we are approaching the run-  
way, the precise airplane speed determines where the main lobe c lu t t e r  
i s  going to  be placed i n  the lock. They don't  have the advantage the 
ground-based radar has, i n  tha t  you know you are dealing w i t h  a rela- 
t ively narrow spectral for  the w i d t h  a t  ground zero velocity. Then 
you can use pick f i l t e r s  i n  e i ther  the time domain or the frequency 
domain. In our case, the c lu t t e r  can wander around; i f  you don't know 
precisely where i t  i s  and you are not able t o  f i n d  out precisely where 
i t  i s ,  then you have got t o  use f i l t e r s  tha t  are going t o  e i ther  not 
drive the c l u t t e r  down as f a r  or they are going t o  throw away some of 
the signal. T h i s  i s  a problem tha t  i s  much more formidable w i t h  the 
airborne radar. T h i s  one i s  worth talking about. I just  mentioned 
tha t  we really don't have t o  deal w i t h  long range on some of these 
problems. I also mentioned we have a problem w i t h  transverse resolu- 
t ion.  I f  you go up i n  frequency, you can get the correspondingly 
bet ter  resolution. Going up i n  frequency above X-band is  to ta l ly  
unacceptable for  the . . .p  roblem where you have t o  be able to  see many 
miles ahead of the airplane. On this job i t  is a disadvantage t o  go 
away. There are definitely advantages; there are also serious d i s -  
advantages t h a t  we want t o  t h i n k  of this function as being just  an 
augmentation of the standard weather radar. T h i s  i s  the k i n d  of t h i n g  
t ha t  needs to  be studied, the f i rs t  intense study being done a t  X-band 
to  see w h a t  i t  will do to  get out of there. If  i t  can, great. You 
can ' t  do the job, a t  l ea s t  the studies indicate there may be some 
tradeoffs tha t  will drive us t o  higher frequencies than our research 
program has indicated--like, t o  see w h a t  e f fec t  t h a t  has on implemen- 
t a t i o n  l a t e r  on. T h i s  one is certainly true; i t ' s  a problem on the 
borderline or the boundary l ine  between the radar and the remainder of 
the system t h a t  Roland talked about. Somebody someplace has got t o  
recognize the hazards, and we've got t o  do this i n  some so r t  of auto- 
mated fashion. To quote what may or may not be an accurate s t a t i s t i c  
I ran across i n  one of the papers, an a i r l i n e  p i l o t  can expect t o  
encounter one of these series of events once i n  a career. Once i s  
enough. I f  you expect t o  f i n d  these t h i n g s  re la t ively infrequently, 
then I don't t h i n k  we can leave i t  t o  a p i lo t  t o  look a t  a display and 
be able to  recognize this t h i n g .  Somebody has got t o  automate i n  some 
fashion this t h i n g ,  and a t  this point i n  directing our e f for t s ,  I'm 
ready to  hand tha t  over t o  Roland. I f  the requirement on the radar is  
tha t  we produce a 3-D map that  requires a wind  velocity f ie ld . . .  

I f  I'm on the ground a t  the end of the runway ready to  take 
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, 

Bowles: 
unachievable i n  t h i s  decade. 

(Discuss ion)  

I would say t h a t  would be a desired requirement t h a t  would be 
Nor would t h e  p i l o t s  be able t o  use it. 

Staton: 
gence t o  say what i t  means. 

Given the  wind f i e l d ,  you s t i l l  have t o  apply some i n t e l l i -  

Bowles: 
i s  for. 

I don ' t  t h i n k  so. I t h i n k  t h a t ' s  what the  on-board computer 

Staton: Someone s t i l l  has t o  program the computer. 

Hi ldebrand: 
have t o  automate it. I don ' t  t h i n k  we,do; I t h i n k  we have t o  p rov ide  
d isp lays  t h a t  are i n te rp re tab le ,  bu t  j u s t  w i t h i n  t h e  l a s t  year  o r  two 
the re ' ve  been a couple of cases where p i l o t s  w i t h  wind shear t r a i n i n g  
have responded proper ly .  I t ' s  apparent t h a t  t he  p i l o t  who crashed i n  
Da l l as  had a t  l e a s t  some awareness o f  wind shear t r a i n i n g  and may have 
done th ings  wrong, but  there  are cases where Uni ted p i l o t s  saved t h e  
a i r p l a n e  because o f  wind shear t r a i n i n g  and prompt ac t ion ,  doing a l l  
t he  r i g h t  th ings.  T ra in ing  can br idge the  gap. 

I t h i n k  the re  i s  a problem w i t h  what he sa id  i n  t h a t  we 

Staton: That s t i l l  i s  not  t he  same t h i n g  as saying, "I have got a 
s i n g l e  vantage p o i n t  f o r  a given v e l o c i t y  vector  f i e l d ;  what do I do 
w i th  t h a t  i n fo rma t ion  t o  prov ide a meaningful d isp lay?"  

(Background d iscuss ion)  

Bowl es: Simply c a l c u l a t e  acce le ra t ion  f o r  the  a i  r p l  ane re1 a t i  ve t o  
the  a i r  mass based on t h a t  s i t u a t i o n .  That means i n  the  next i n t e r v a l  
o f  t ime you are going t o  lose  or  gain airspeed. The p o i n t  I was 
t r y i n g  t o  make i s  t h a t  i f  I have got my winds now a t  t ime t a t  t h i s  
p o i n t  on the f l i g h t  path, and I ' v e  got some winds i n  a forward- look 
mode, l e t  t he  computer take those two winds, d i f f e r e n c e  i t  w i t h  d i s -  
tance and compare t h a t  against  the  acce le ra t ion  margin o f  the  a i rp lane  
and decide whether I ' v e  got enough performance t o  ga in airspeed o r  can 
I coast, o r  should I j u s t  go. 

Hi ldebrand: 
played and you combine t h a t  in fo rmat ion  w i t h  t r a i n i n g  i n  s imu la to rs  
and teach the  p i l o t s  how t o  respond. These approaches f a i r l y  work. 

I agree i f  the  in fo rmat ion  i s  there  i t  should be d i s -  

Bowles: 
compute the  acce le ra t i on  capabi 1 i t i e s  of t h e  a i  r p l  ane re1 a t i  ve t o  the  
a i r  mass, and say i f  the  winds stay the  same as they are now over some 
d e l t a  t, I w i l l  l ose  20 knots or  I w i l l  ga in  10 knots. Prov ide t h a t  
against  a c r i t e r i o n  t o  say you are now t o  i ssue an a l e r t  o r  you j u s t  
don ' t  have enough performance t o  ga in po ten t i a l  a i rspeed loss. 

They are on ly  us ing them now t o  de r i ve  t h e  on-board winds, 

Un ident i f ied :  Roland, i f  I can i n s e r t  something about the  A-300/310. 
For your in format ion,  as you know, the  d isp lays  o f  t h e  wind field... 
Given two a i  rspeed, ground-speed measurements. . .between the  B r i t i s h  
and t he  French and a l l  o f  iis, the  wind f i e l d  a i rspeed and 
speed. Let  me i n s e r t  one o ther  t h i n g  if I may, and t h i s  goes r i g h t  

yround 
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along w i t h  the point you're making. Take advantage of these i n  
cremental steps i n  improvement as we can. 
ment, i n  a way this is an open-ended program i n  which a t  each level 
we're able to  add an incremental improvement i n  the system, and 
,should rovide tha t  information or c r i te r ion  or whatever i t  may be. 

Going back to  Herb's s t a t e  

Staton: I can ' t  overplay the l a s t  bullet  on the chart. Given t h a t  
the average f lyer  today sees these t h i n g s  f a i r l y  infrequently , anybody 
that  t r i e s  t o  research this problem w i t h  an airplane, you have the 
problem of being i n  the r i g h t  place a t  the r i g h t  time t o  see one of 
these th ings  under r e a l i s t i c  conditions. A t  the end or toward the end 
of every program we have t o  come t o  grips w i t h  the fac t  t ha t  we are  
probably never i n  the space of any f i n i t e  time going t o  t ruly exercise 
whatever system we develop before we hand i t  over t o  a manufacturer or 
whoever. Jus t  because the airplane has got t o  be a l o f t  already, the 
event i s  so short-lived tha t  i t  is troublesome as to  how you look a t  
i t  i n  a l l  of i t s  glory and i f  you, as I t r i ed  to  point out i n  some of 
the previous radar stuff we've done, i f  you are not looking down, 
looking ahead, looking a t  this wide wind shear, you are not real ly  
looking a t  the problem, and i f  you have algorithms that  are trying t o  
separate the t rue e f fec t  and you are n o t  really looking a t  t h a t  
e f fec t ,  you don't know i f  i t  really works or not. 
really promise from the standpoint of the airplane is tha t  we have got 
t o  b u i l d  the program so t h a t  a t  every point we have some confidence i n  
what we have committed to  hardware i n  the program--makes good sense. 
So we don' t do tha t  by just p u t t i n g  together a radar of some k i n d  and 
g e t t i n g  on an airplane and going to  look for  a microburst. 

So a l l  we can 

Another chart tha t  says what we are  trying t o  do. I t h i n k  i t  so r t  of 
speaks f o r  i t s e l f .  The research program tha t  we undertake has t o  
attack those problems that  are different  from the low-level w i n d  shear 
from a l l  those other problems. Military systems routinely t ry  t o  
extract  targets  from c lu t t e r ,  b u t  i f  you look a t  those systems, they 
a l l  have a feature that  we don't have. You are e i ther  looking fo r  a 
coherent target  i n  some k i n d  of c lu t t e r  or you are looking i n  a wide 
velocity difference between the target  and the c lu t te r .  Trying t o  
pound a round radar into a square hole certainly go t  the Sergeant York 
missile launch weapon system into trouble la te ly .  What was called a 
radar t ha t  worked well on airplanes ( i t  could pull out fast-moving 
airplanes from c l u t t e r )  d i d n ' t  work very well when you p u t  the heli  
copter i n  c lu t te r .  That system was a colossal fa i lure ,  and a large 
part of tha t  was due t o  the radar. 
specifically got t o  look a t  the problem. You can' t gl ibly say tha t  
the data we've collected already i n  platforms looking a t  thunderstorms 
i s  really direct ly  applicable, i n  my opinion. So what are we going t o  
do a b o u t  that? Well, we are going to  have to  develop an approach 
where we are able t o  co l lec t  r ea l i s t i c  c l u t t e r  data on a time ser ies  
basis t h a t  contains a l l  the information there is about ground c lu t t e r .  
We can generate such s tuff  on a computer. In the l i t e r a tu re ,  there 
a re  enormous quantit ies on ground c lu t t e r ,  b u t  v i r tual ly  a l l  the older 
data gives up a t  5 or 6 degrees grazing incidence angle. They don't 
tel l  US anything. Such data as you can f i n d  has already been massaged 
and a t  best is  presented i n  the form of probability density functions 
fo r  the fluctuating amplitudes that  you m i g h t  see. If  you are  real ly  
going t o  use tha t  k i n d  of data i n  a s i tuat ion where you don't have 

When we developed this program we 
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very long t o  observe the cell  of interest ,  then you've got t o  make a 
quick decision when you are dealing w i t h  a reasonably short  t ine  
se r i e s ,  so you've got t o  take tha t  probability density function and 
convert i t  into something tha t  fluctuates. We know how to  do that ;  
we've done t h a t  so r t  of t h i n g  i n  the past. Par t  of our program i s  to  
continue this k i n d  of Monte Carlo computer modeling, both of ground 
c l u t t e r  and of raindrop populations. I t  v i r tual ly  can be brought over 
en masse to  this problem. T h i s  w i l l  l e t  us look a t  the ground c l u t t e r  
alone, ground c l u t t e r  p l u s  rain t h a t  we can p u t  in to  any k i n d  of wind  
f i e l d  tha t  we desire. We rely heavily on Roland's inputs :  both the 
stuff they are doing and the i r  interpretation of what other people are 
doing, JAWS and so on, t o  provide us w i t h  a r e a l i s t i c  wind f ie ld .  So, 
by playing extensive computer games, we can on this Monte Carlo basis, 
get a pretty good idea how serious the ground c l u t t e r  real ly  is. We 
can produce the map of c lu t t e r  and apply a motion t o  i t ;  we can do 
some t h i n g s  w i t h  a virtual memory on the VAX that  would have been a 
problem a few years ago. W i t h  expanded memory, we can now r u n  these 
cases. We may have to  l e t  them run al l  weekend, b u t  t h a t ' s  n o t  real ly  
a serious problem. So, w i t h  computer modeling, we can and intend t o  
get a good inroad into the problem. That s t i l l ,  however, is  some- 
body's fantasy of what the world really is. You have got t o  have some 
real data to  sa t i s fy  people. So, since we don't want t o  t ry  to  b u i l d  
a program where we say we are going t o  f l y  off w i t h  our best shot a t  
an instrument and see i f  i t  works, we're s t i l l  exploring the idea of 
be ing  able to  merge Wo k i n d s  of data sets.  That is ,  suppose I have 
my radar on an airplane and I f l y  approaches t o  an airport  and the 
ground i s  wet or dry or whatever, and col lect  the en t i re  time ser ies  
history of moving ground c lu t t e r .  I can take that  data and add the 
computer model t o  where the raindrops sca t te r  t o  (we have a f a i r ly  
good understanding of tha t  so r t  of t h i n g ) ,  and then produce a data 
base of real ground c lu t t e r  i n  a known w i n d  f i e l d  and see whether our 
extraction algorithm is workable. The t h i r d  phase is  t o  use real rain 
data, maybe co l lec t  i t  i n  the ground look-up mode t o  the same radar or 
an identical radar. I f  i t  is stationary on the ground, we are  a t  
l e a s t  emulating takeoff problems; we also have a pretty good chance of 
suppressing ground c l u t t e r  almost as well as ground-based radar, not 
quite as well because the i r  system i s  designed t o  be fixed-frequency 
coherent a l l  the way, and we have t o  have probably moving osc i l la tors  
so we won't be able t o  reach the 50-dB subclutter v i s i b i l i t y  tha t  
people a re  talking about for  NEXRAD. So, i n  the ground look-up mode, 
we can look a t  real rain data, given t h a t  something will happen i n  our 
vicini ty .  How do we get such stuff? For tha t  par t  of the program we 
will have t o  par t ic ipate  i n  a f i e l d  program not unlike the MIST pro- 
gram or something l ike  i t ,  where there is some t r u t h  data available. 
We don't  really want w i t h  our resources t o  commit t o  f i e l d i n g  our own 
MIST program, b u t  we would l ike  rather t o  par t ic ipate  w i t h  other 
people who will be doing tha t  so r t  of t h i n g .  I hope, our schedule 
permitting, there will s t i l l  be activity like tha t  going along by the 
time we.,,So I mentioned the phase looking up,  getting real r a in  data 
on a time ser ies  basis. We can take those time samples and compare 
them, or add them t o  the airborne real c l u t t e r  data and have a be t te r  
exercise set fo r  our procedures. 
what algorithms may work i n  real time, and then you look for  i n t e l l i -  
gent opportunities t o  verify them. 
t o  f i n d  a microburst. 

In time we have the best shot a t  

B u t  i f  you can f i n d  low-level shears of any 
You s t i l l  are probably not going 
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k i n d ,  g u s t  fronts,  anything you can live w i t h  and show tha t  we are 
able to extract  tha t  wind shear from the c l u t t e r  under more or less 
r ea l i s t i c  conditions, then we have done something. There are  elements 
a t  Langley who are working on adapting very large scale  integrated 
c i r cu i t s  and very h i g h  speed integrated c i r cu i t s ,  a f a c t  t ha t  the Navy 
and others are interested i n ,  trying to  adapt those techniques t o  
other program demands. T h a t  i s  an ongoing e f f o r t  independent of this. 
Some of the suggestions tha t  we make fo r  a1 gori thms. .  .could provide a 
focus fo r  some of tha t  work and we may be able t o  para1 1 e l ,  t o  get a 
s t a r t  toward being able t o  actually have i n  place computational power 
w h i c h  you can p u t  on commercial radar a few years down the road and 
actually implement it .  We envision our airborne radar as looking a 
l o t  like the.. . I t  will be assembled w i t h  simple laboratory equipment 
of sorts.  Once you have a radar t h a t ' s  approaching a runway and i t ' s  
getting ground c lu t t e r  data or storm data or whatever, i f  i t  has one 
antenna or one polarization, i t ' s  going t o  give you data fo r  t h a t  
radar. 
a l l  characterist ics.  What we would l ike  t o  have, we dream, would be a 
radar fo r  d i rec t  and cross pol, maybe use separate antenna apertures, 
techniques for  cross-correlation between the two fo r  electronic 
suppression of c lu t t e r ,  a l l  k i n d s  of t h i n g s  you might  like t o  do w i t h -  
out going t o  the open rack construction. We m i g h t  be able t o  imple- 
ment some of those t h i n g s  i n  second channels t o  f i n d  whether some of 
these exotic concepts will really of fe r  anything or whether they are a 
l o t  l ike the information theory resul ts  a few years ago. People p u t  a 
l o t  of time into d e s i g n i n g  optimal f i l t e r s  and this so r t  of t h i n g ,  and 
once you give i t  your best shot, apparently you f i n d  t h a t  you just 
make your f i rs t  guess; you'l l  s t i l l  be w i t h i n  a dB or two. So, the 
exotic techniques may or may not be necessary, b u t  we wanted t o  cover 
as much as we reasonably can. So, the computer modeling studies a re  
the k i n d  of t h i n g  tha t  are going on. Roland showed you tha t  we do 
have some so r t  of funding on this j o b  now a t  NASA HQ, and we are  u s i n g  
i t  t o  buy some small pieces of equipment, b u t  by and large we are  
u s i n g  i t  to do computer studies. And now we will continue to  do tha t  
through the next f iscal  year. T h i s  i s  so r t  of a schedule of what we 
are  presently planning. Last year this time we were t h i n k i n g  about 
getting more quickly into a hardware program, b u t  the FAA's plans, and 
the fund ing  i n  par t icular ,  were such tha t  we delayed that .  Through 
this  next year w i t h  the present level of funding, we are  going t o  
continue the analytical work and begin the hardware development a year 
from t h a t ,  and i n  the sp r ing  of 1988 be ready to  go on an airplane. 
And then some of these combined clut ter-rain experiments and by a year 
following that ,  we should have some s ignif icant  f l i g h t  s t a t i s t i c s ,  and 
a fa i r ly  good idea what the correct approach is. I have spent a l o t  
of time here emphasizing problems, and I don't  want t o  leave a nega- 
tive note here. Our main purpose i n  mentioning problems i s  t o  point 
out t h a t  we are i n  a different  regime of radar application than i n  
most applications i n  the past. Not t o  say tha t  we can ' t  make good 
progress. The c l u t t e r  problem may not be as severe as i t  could be, 
and we may f i n d  ways around the wide spectral w i d t h  and certain of 
these other problems. I t h i n k  there 's  a good chance tha t  we will make 
good progress on airborne sensors, b u t  we won't really know tha t  u n t i l  
we carry i t  t o  i t s  fullest. One t h i n g  t h a t  is  certain t o  come out of 
this work: we will know what the capabi l i t i es  of practical radars are  
i n  th is  problem. 

I t ' s  not possible t o  b u i l d  a general purpose radar tha t  has 

In order for  a radar t o  be pract ical ,  i t ' s  got t o  
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not only work when i t  takes up three racks of space, b u t  i t ' s  got t o  
be implementable in to  something tha t  we carry. We will know tha t ,  and 
I t h i n k  we've got a good shot a t  developing workable techniques. 

Dunham: The  Doppler technology really got cheated on Roland's f i r s t  
design goal, which  was, I reca l l ,  30-second look ahead of the ine r t i a l  
wind  f ield so you can compensate f o r  the motions of the airplane and 
moving ground c lu t t e r .  I was wondering i f  t ha t  constraint  may not 
have been fo r  the Doppler technology a l i t t l e  b i t  too severe and maybe 
the problem i s  the same, b u t  l e t  me state i t  this way. I f  you are  
trying t o  provide t o  the p i l o t  some indication of winds,  l ike  f o r  
example, the wind 30 seconds and where I '1 1 be 30 seconds from now is 
a 20-knot tailwind, you are  probably flying i n  a 40-knot headwind, he 
can s i t  there and say, "Boy, t h a t ' s  tough,"  o r  i f  you want t o  provide 
h i m  a wind-f ie ld  display tha t  he can get t ha t  type of information out 
of ,  t h a t ' s  one type of i n p u t  t o  the pi lot ,  b u t  i t  turns out t ha t  from 
an aerodynamics point of view, the airplane's motion is not w i t h  
respect t o  an ine r t i a l  reference point, b u t  w i t h  respect t o  the a i r  
mass. 
respect t o  the ground. You only want what the a i r  mass is doing i n  
the front  of the airplane w i t h  respect t o  the airplane. 

So the airplane doesn't really care what the wind i s  doing w i t h  

Staton: 
is  another step. 

That's what the Doppler sh i f t  does; t o  get the ine r t i a l  winds  

Dunham: 
wind? 

What I'm trying t o  say, do you have t o  remove the ine r t i a l  

Staton: 
winds i s  tha t  you have got t o  span an interval w i t h  your sampling r a t e  
t o  te l l  you unambiguously what the velocity is w i t h  respect to the 
a i r c r a f t ,  and i f  you know, fo r  example, t ha t  the target  you a re  
looking fo r  has a narrow spectrum and even i f  you are  moving, i f  you 
know how many times i t ' s  been folded, i t ' s  no problem. Tracking i t  
out as  we d i d  i n  this other t h i n g  i s  one way t o  do t h a t  automatically 
so you don't  have t o  worry about it. B u t  so long as you know how many 
times the velocity has been aliased, if the spectrum i s  narrow enough 
and i f  i t  doesn't happen t o  have half of the l ine on one side and half 
on the other, you can handle i t .  

No, t h a t ' s  not necessary a t  a l l .  The main problem w i t h  the 

Dunham: 
detecting a gradient i n  f ront  of i t  and not an absolute value and... 

What I'm saying i s  I t h i n k  the sensor can really get by w i t h  

Crabill: To do tha t  you've got  t o  do what you say. I f  what Earl is  
saying i s  true, i t  will simplify i t .  In order t o  get back in to  the 
gate so you can determine i t ,  you've qot t o  unfold i t  somehow. 

Staton: 
target .  
some other interval and he's f inal ly  going to  be folded back in to  your 
f i rs t  interval; half of i t  can l i e  on the right-hand end and the r i g h t  
half of t ha t  will l i e  on the left-hand end and you've got t o  apply 
some intelligence t o  tha t ,  say where to. ..You've got certain funda- 
mental t h i n g s  t o  overcome, b u t  basically we are  not a f t e r  looking a t  
i ne r t i a l  winds, we are  looking a t  the gradients. 

That can be t r i v i a ,  b u t  you are dealing w i t h  a moving point 
I f  you know roughly what your speed is, then sure, he's i n  
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Bowles: But you don 
You can do i t  i n  the  
your  processing prob 

Staton: Essent i  a1 l y  

Bowles: It doesn' t  

t have t o  c rea te  an i n e r t i a l  reference po in t .  
re ference frame o f  the...but what you are saying, 
ems on the  s igna l  are the  same. 

the  same. 

!ver have t o  be referenced t o  a spot on the  ear th .  

Staton: That i s  i f  the ground c l u t t e r  i t s e l f  comes back r e l a t i v e  t o  a 
spot on the earth.  

Dunham: I t h i n k  t o  get r i d  o f  the  ground c l u t t e r ,  i t  has t o  be... 

Staton: 
e lse.  You have t o  know by some means where the  ground c l u t t e r  i s  
located. One way t o  do t h a t  i s  through the  open loop us ing the  I N S  
ground speed o r  i n t e g r a t i n g  an accelerometer, o r  something l i k e  tha t ,  
and you have t o  know what your  ground speed i s ,  because the  ground 
speed and the  d i p  angle are going t o  determine where the  main lobe i s .  

I t ' s  a p o s s i b i l i t y  you can get r i d  o f  it the re  o r  somewhere 

Staton: Just  because we have no i npu ts  a t  the  s t a r t  o f  the  program. 

Bowles: 
you are l ook ing  f o r  i s  t he  rap id  changes out i n  f r o n t  o f  you. 

Yes, but  the  a i rp lane ' s  v e l o c i t y  i s  f a i r l y  constant and what 

Staton: And i f  you are doing th ings  l i k e  tha t ,  then you don ' t  have t o  
know anything about the  a i r c r a f t  speed i f  you are w i l l i n g  t o  say, I ' v e  
got a small r e s o l u t i o n  c e l l  here and one the re  and one there  and one 
the re  and I look f o r  t he  p r o f i l e .  

( U n i n t e l l i g i b l e  d iscuss ion)  

Roland t o l d  me he 's  not going t o  make t h a t  demand on me. Roland t o l d  
me the  o ther  day t h a t  he can be content w i t h  a moving c e l l  ahead o f  
t h e  plane. 

Un ident i f ied :  
i s  the  a i r p l a n e ' s  dynamic responses; you say t h a t ' s  the  eas ies t  task  
t o  look a t .  

Well, t he  one you j u s t  descr ibed i s  t h e  one I ' m  saying 

Staton: I t ' s  a d i f f e r e n t  task,  bu t  it s t i l l  doesn' t  do away w i t h  t h e  
ground c l u t t e r  problem. 
i n  order t o  con t ro l  it. 

We've got t o  know where the  ground c l u t t e r  i s  

Un iden t i f i ed :  
t o  work the problem i n ,  whether it be i n e r t i a l  o r  a i rp lane  re la ted ,  
t h e  t ransformat ion there,  one way o f  working the  problem may be eas ie r  
than another. 
cou ld  look a t  it from t h a t  s tandpoint  and determine one way i s  b e t t e r  
than another, but  the  a i rp lane  r e a l l y  on ly  responds t o  t he  l a t t e r  case 
you ta lked  about--what's the  grad ien t  i n  f r o n t  o f  me, w i t h  respect t o  
me. 
i t ' s  doing i n  respect t o  me. 

A l l  I ' m  saying i s  t h e  reference frame t h a t  you choose 

I don ' t  understand radar technology, but  maybe you 

I t  doesn' t  care i f  i t ' s  going 400 MPH on the  ground, i t ' s  what 
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Pagels: 
i ndependent way of measuring your a i  rspeed; you know your  present 
airspeed. You don ' t  need the  radar  t o  t e l l  you what your  airspeed i s ,  
a l though it can be done. But, what you want t o  know i s  what i s  your  
a i rspeed w i t h  respect t o  the  a i r  mass out ahead o f  you. So the  radar 
can do t h e  j o b  by l ook ing  here and there o r  i t  can j u s t  look the re  and 
you can use an independent airspeed measurement. 

I t h i n k  Roland was r e f e r r i n g  t o  the  f a c t  t h a t  you have an 

Bowles: 
you . It never needs t o  know the  v e l o c i t y  o f  t h a t  a i r  mass ahead o f  

U n i d e n t i f i e d :  That 's  t rue ,  t h a t ' s  j u s t  an a r b i t r a r y  data po int .  

Staton: 
ground s igna l ;  t h a t  i s  your  ground speed. 

(Simultaneous d iscuss ion)  

When you are l ook ing  a t  t he  ground, you always have t h e  

Staton: That comes along f o r  t he  r ide;  t h e  problem i s  g e t t i n g  r i d  o f  
it. 

Bowles: Would moving some o f  these reference frames e l im ina te  some o f  
these d i f f i c u l t i e s  w i t h  respect t o  ground c l u t t e r ?  

Staton: 
suddenly ease my mind. 

It i s  something t o  be considered, but  i t  doesn' t  r e a l l y  

(Background d i  scussi  on) 

C r a b i l l :  W i l l  you consider i t  a t  t h i s  p o i n t ?  

Staton: Well, I always have. I n  fact ,  t he  cha r t  I showed you based 
on the  '82 f l i g h t ,  t h a t  cha r t  was o r i g i n a l l y  done on ly  on l ook ing  a t  
g rad ien ts  out there,  and not worry ing about airspeed. Later ,  we pu t  
i t  t o  t h e  ground by us ing  I N S  t o  make a char t .  

Hi ldebrand: 
quest ion f o r  both o f  you. You j u s t  presented a t i m e l i n e  i n  which your 
plans fo r  development are c l o s e l y  t i e d  t o  the  FAA plans, and the  o ther  
p a r t  i s  when you made a presenta t ion  of budget, you i n d i c a t e d  sub- 
s t a n t i a l  funding o ther  than FAA funding t o  your  program. Are you 
present ing  s imply the  p o r t i o n  t h a t  i s  p e r t i n e n t  t o  t h e  FAA, and i f  so, 
are the re  o ther  po r t i ons  t o  the  program t h a t  we should know about? 

I had a quest ion about your funding. I guess i t ' s  a 

Staton: 
schedule the re  has invo lved hardware i n  a f l i g h t  program t h a t  i s  
p red ica ted  upon a massive increase of funding from some source. 

I wasn't prepared t o  t a l k  about funding, bu t  I can say t h e  

Bowles: I have t h a t  worked out, and we can get back t o  tha t .  

( U n i n t e l l i g i b l e  d iscuss ion)  

Hay: Do I have t o  s i t  t he re  and look s t r a i g h t  down i n t o  the  ground 
f o r  t h e  d is tances t h a t  we are t a l k i n g  about t h a t  we might need? Dc! 1 
have t o  look s t r a i g h t  i n t o  t h a t  c l u t t e r  t o  get use fu l  in fo rmat ion? 
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Staton: Most o f  the  ac t i on  takes p lace  below 2000 feet.  As you get 
c loser  t o  the  ground you can put  a b ias  on the  antenna and it w i l l  
l ook  a l i t t l e  d i f f e r e n t ,  but  when you get t h a t  c lose, you already have 
t o  have been look ing  ahead. You c a n ' t  avo id the  s i g n i f i c a n t  amount o f  
t h a t  c l u t t e r .  

Bowles: I t h i n k  the  issue here i s  i f  we as a group agree on, where i s  
t h e  gain ing area, what p iece o f  a i rspace are we t a l k i n g  about? What 
we are t a l k i n g  about l i t e r a l l y  i s  4 minutes o f  t ime. 
going t o  d e l i v e r  me out t he re  around the  ou ter  marker under a d i f f e r -  
en t  set o f  condi t ions.  What we want i s  p r o t e c t i o n  between ou ter  
marker and threshold.  There are c e r t a i n  geometr ical  , both s p a t i a l  and 
temporal , fea tures  o f  these events t h a t  may be, could be c a p i t a l i z e d  
on i n  t h i s  de tec t i on  problem. The boundary l aye rs  are 300 meters 
t h i c k  on the  outf low. You have demonstrated on your  t r i p l e  Doppler 
analys is  t h a t  George may have underestimated the  divergence o f  t h e  
ground. You have a lso  demonstrated t h a t  t he  v e r t i c a l  wind may 
penetrate c l o s e l y  . . .on i n i  t i  a1 approach based on the  dual Doppler 
spectrum. Is pulse microwave Doppler t he  r i g h t  technology? What 
about CW aper ture defocus a t  constant d is tance i n  f r o n t  o f  t h e  
a i rp lane?  

Somebody i s  

Staton:...exotic technique, i t  r e a l l y  invo lves  modulat ion speed, pu lse 
Doppler i s  on ly  one, staggered pulse s t r i n g  Doppler i s  another one, 
you get i n t o  range ambiguity problems. Any number o f  modulat ion 
schemes can be thought o f .  CW i s  j u s t  one. We are not  going t o  c lose  
t h i s  e f f o r t  out, a t  l e a s t  as f a r  as the  a n a l y t i c a l  p a r t  against  any 
promising scheme. When you go t o  hardware, you have got t o  commit t o  
some lesse r  numbers o f  schemes than you might otherwise l i k e  t o  have. 
What we need t o  do over the  next few months i s  t o  l a y  out exac t l y  t h e  
k i n d  of hardware we are w i l l i n g  t o  l i v e  w i t h  i n  the  program. 

Bowles: 
s e t  o f  systems requirements f o r  t h i s ?  

I guess t h a t  gets down t o  the  question--can we w r i t e  down a 

Staton: We c a n ' t  do i t  today, no. 

Bowles: 
leas t ,  o f  what the  system requirements are. The B r i t i s h  were very 
e f f e c t i v e  i n  demonstrating the  m i l l i w a t t  L i d a r  l ook ing  f o u r  seconds i n  
f r o n t  o f  t h e  a i rp lane.  Four seconds i s  worth 12 knots o f  a i rspeed 
advantage, given the  acce le ra t i on  o f  t h e  a i rp lane.  
t r i v i a l .  I f  you g ive  i t  20 seconds, I ' m  r e a l l y  z ing ing  along there.  
The other  p o i n t  i s  t h a t  a prudent approach t o  t h i s  problem would look 
a t  the doppler as a...observation. What the  doppler sees t seconds i n  
f ron t  of me, t he  a i rp lane  w i l l  experience t seconds l a t e r ,  and those 
estimates, those observat ions,  can be weighted and faded according t o  
ground c l u t t e r  or  not. 

I mean, but  we ought t o  come t o  some se t  of concepts a t  

That ' s  not  

( U n i n t e l l i g i b l e  d iscuss ion)  

Bowles: 
then you drop the  hammer and go. 

You proceed under a warning and you e leva te  i t  t o  a l e r t  and 
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Schlickenmaier: 
have, what k i n d  of system environment we are l ook ing  a t ?  

I s  the re  any way you can scope the  e i g h t  hours we 

Staton: Are you t a l k i n g  about the  research radar o r  f o r  t he  com- 
merc ia l  t h i n g  we are l ook ing  a t?  

Schlickenmaier: Well, both. But s p e c i f i c a l l y ,  t he  commercial app l i -  
cat ions.  I ' d  l i k e  t o  tend t o  focus on tha t .  I s  t he  research e f f o r t  
t i e d  t o  t h e  l i v e  app l i ca t i ons?  Are we t a l k i n g  about an approach 
system t h a t  i s  t i e d  s t r i c t l y  t o  a pitch-hand, one-angle look, 10, 20, 
30, 40 seconds i n  f r o n t  o f  t he  a i rp lane? 

Staton: Obviously, we could not l i v e  w i t h  tha t ,  because when the  MLS 
i s  i n  place, the  f l i g h t  path w i l l  be curved and be tangent t o  the  
runway. 

Schlickenmaier: Thank you, and Char l ie  thanks you too. Quest ion:  
What k i n d  o f  f o l l o w i n g  are we look ing  a t ,  i n  a conceptual phase mode? 
I n  the  approach mode, are we look ing  a t  something t h a t  i s  going t o  
g i ve  coverage a l l  t h e  way through takeo f f  and go around; you know when 
t h e  p i l o t  h i t s  t o  go, i s  the antenna going t o  go up t o  best height,  o r  
are we s t i l l  going t o  have t o  look out t seconds ahead, o r  are we 
s t r i c t l y  l ook ing  a t  a case where i t ' s  under 1,000 f e e t  w i t h i n  5 t o  
10 m i les  o f  the  a i r p o r t ?  

Staton: You are not r e a l l y  l i m i t i n g  the performance we are l ook ing  
f o r  f o r  those k inds  o f  cases. We don ' t  r e a l l y  know what the  c a p a b i l i -  
t i e s  o f  the  system w i l l  be. We w i l l  look a t  a l l  these t h i n g s  and 
explore the  i m p l i c a t i o n s  o f  them t o  see what the  bounds on t h e  
performance are. 

Schlickenmaier: 
we are going t o  be aiming f o r ?  

Can we make a d e f i n i t i o n  on what k i n d  o f  c a p a b i l i t i e s  

Staton: We are aiming f o r  c a p a b i l i t i e s  t h a t  w i l l  make t a k e o f f  safe. 
I ' m  i n  no p o s i t i o n  t o  determine what those phys ica l  cons t ra in t s  are. 
I ' m  not  a t  t h i s  p o i n t  t r y i n g  t o  l i m i t  the c a p a b i l i t i e s  o f  the  radar, 
I ' m  j u s t  t r y i n g  t o  see how broad i t s  c a p a b i l i t i e s  are. I don ' t  know 
what t h a t  i s .  

Schlickenmaier: 
w a i t ?  I get from you t h a t  we should w a i t  before we set  up the  p e r f o r -  
mance subsets. 

I n  o ther  words, can we se t  up subsets o r  should we 

Staton: I f e e l  we have t o  wai t ;  I ' m  open though. And the re  are o ther  
people i n  the  room who have ideas on t h i s  top i c ,  too. 

Hi ldebrand: Herb, I t h i n k  the  wisdom of going ahead w i t h  a straw man 
se t  of c r i t e r i a  depends on the  use t o  which t h a t  would be put.  
temperamentally t he  s o r t  o f  person who l i k e s  t o  say i t  should be l i k e  
t h i s .  But, I have a l so  learned through my i n t u i t i o n  t h a t  a t  t h i s  
meeting, we say what we t h i n k  r i g h t  now it should be. That 's  a tem- 
peramental response j u s t  as much as h i s  response, and I have a l so  
learned i n  the  budgetary process a t  NCAR t h a t  i f  you do t h a t  a t  a 
wrong time, some j e r k  w i l l  w r i t e  i t  down and i n  18 months' t ime come 

I ' m  
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back and say, "But you said.. . ,I' and you know I r e a l i z e  t h a t ,  and I 
don' t  know the  p o l i t i c a l  waters here, and I t h i n k  you gentlemen have 
t o  f i gu re  i f  i t ' s  safe enough t o  do something l i k e  tha t .  
can come up w i t h  a best guess. 

We c e r t a i n l y  

Schlickenmaier: 
temperament t h a t  I l i k e  t o  have m u l t i p l e  ... What I ' d  l i k e  t o  see are a 
number o f  scenarios t h a t  we might be able t o  address s t r i c t l y  from a 
t a l k i n g  po in t  o f  view, and what I ' m  asking i s  whether we are a t  t h a t  
po in t  ye t ,  whether we can set  up a set ,  you know, l ook ing  a t  both 
takeo f f  and 1 andi ng. 

I ' m  not  l ook ing  f o r  best guess, and maybe i t ' s  my 

Staton: We c e r t a i n l y  could do tha t ,  but  I t h i n k  we could do t h a t  i n  a 
day and a h a l f .  But i f  you are going t o  conduct a program, you've got 
t o  decide what path you are going t o  fo l low.  
poss ib le  a l t e rna t i ves .  
o f  poss ib le  a l t e rna t i ves ,  and maybe the  choice could be made t o  d i r e c t  
our e f f o r t s ,  but .  . . 

You can not  f o l l o w  a l l  
I have no problem w i t h  w r i t i n g  down a l l  k inds  

Schlickenmaier: 
what poss ib le  systems, poss ib le  fu tu res ,  do you t h i n k  t h a t  exerc ise  
would work, i n  the  embryonic technology stage? And j u s t  be open t o  a 
number o f  i ssues? 

Do you t h i n k  i t  would be worth i t  i n  terms o f  scoping 

Staton: I t ' s  always presumptuous t o  say t h a t  t he re  are not  ideas w i t h  
which you can look a t  a problem. We have been look ing  a t  t h i s  problem 
now f o r  about a year and I don ' t  see too  many a l t e r n a t i v e s  t o  the  
approach t h a t  sa id  what we're going t o  do when we get t o  work next  
Monday as t o  what we are going t o  do. So, we can t a l k  about var ious 
poss ib le  f u t u r e  r e a l i z a t i o n s  o f  t h i s  radar, bu t  they wouldn ' t  r e a l l y  
have a l o t  o f  impact on what we do next Monday. 

Schlickenmaier: 
top ic .  

I'm open f o r  o ther  people 's suggestions on t h i s  

Un iden t i f i ed :  Leo, can you summarize b r i e f l y  where you t h i n k  the  
breakthroughs are needed? I n  o ther  words, I get the  sense t h a t  t h i s  
i s  r e a l l y  a s i n g l e  processing problem, no t  a radar hardware problem. 
Are you up against  some l i m i t  w i t h  s o l i d  s t a t e  amp l i f i e rs ,  power 
amp l i f i e rs ,  o r  are you up against  some t ime l i m i t ?  

Staton: Yes, I ' m  g lad you brought t h a t  up. The t rend  has been toward 
longer pu lse length  and lower power i n  a i rborne  weather radar. We are  
t a l k i n g  about a throwback i n  a way. We need more reso lu t i on ,  we need, 
i f  we s t i c k  w i t h  pulse Doppler, we need sho r te r  pulses. 
we need sho r te r  bandwidth, because we have got t o  reso lve  smal le r  
ce l l s .  So t h a t ' s  going t o  d r i v e  the  power back up and may throw us 
completely out o f  the s o l i d  s t a t e  t r a n s m i t t e r  regime, a t  l e a s t  f o r  t h e  
next few years. U l t ima te l y ,  w e ' l l  catch up w i t h  whatever we need. We 
are t a l k i n g  about a throwback, a t rend  i n  a i rborne  radar. But I would 
see t h a t  as a fundamental problem. People don ' t  know how t o  deal w i t h  
tubes. Radar hardware i t s e l f  i s  no t  
t h e  problem. 
impose on it. 

I n  any case, 

We haven' t  b u i l t  them f o r  years. 
I t ' s  processing and what parameters you are going t o  
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U n i d e n t i f i e d :  What about operat ing a t  f requencies t h a t  w i l l  g ive  you 
a reasonably s ized  d i sk  t o  p u t  on the f r o n t  o f  t he  a i rp lane? Are 
the re  any phys ica l  1 i m i t a t i o n s  o r  problems? 

Staton: 
t o  work a t  dual mode; you are going t o  have t o  s tay down a t  X-band f o r  
the  en rou te  p o r t i o n  of your  approach. I f  you want t o  swi tch f r e -  
quencies and you want t o  be able t o  do t h a t  a l l  i n  the  same u n i t ,  
t h a t ' s  poss ib l y  a problem, b u t  t h e r e ' r e  ways t o  use a waveguide array;  
t he  r a d i a t o r  i n  one case was the r e f l e c t o r  f o r  another feed- -a l l  k inds  
o f  ways you cou ld  implement a dual frequency approach i f  i t  came t o  
tha t .  I d o n ' t  t h i n k  radar  technology as such i s  a b i g  problem. I t ' s  
j u s t  p u t t i n g  together  se ts  of parameters on the  radar  and handl ing the  
signals--making them work against  t h i s  k i n d  o f  environment. Radar 
technology w i l l  blow your  mind. There's b i g  ground-based radar  t h a t  
can t race  many, many ta rge ts  simultaneously w h i l e  scanning. We are 
n o t  pushing radar  technology. We are pushing a i rborne  weather radar  
appl i c a t i o n s  and the  s ignal  processing f o r  the  c l u t t e r  suppression. 
I t ' s  a formidable problem. It j u s t  may t u r n  o u t  t o  be as bad as I 
t h i n k  i t  i s  some months down the road when we go through some o f  these 
ground c l u t t e r  analyses, o r  it j u s t  may n o t  be as bad as I th ink .  

I d o n ' t  r e a l l y  t h i n k  so. There's a problem i n  t h a t  you have 

H i  1 debrand: Well, I t h i n k  the re ' s  an area o f  radar  technology t h a t  i s  
very much a p a r t  o f  the  problem, and t h a t ' s  the  antenna radome. The 
ex ten t  t o  which you can solve your  ground c l u t t e r  problem i s  d i r e c t l y  
r e l a t e d  t o  the  amount o f  money you spent on the  intended radome and 
the  q u a l i t y  o f  the beam p a t t e r n  you get ou ts ide  the  radome. You have 
t o  r e a l i z e  t h i s  i s  a problem when you look a t  t he  i nnova t i ve  designs 
peopl e p a i n t  across t h e i r  radomes. The re1 a t i v e l y  1 i ttl e concern 
about what r e a l l y  comes through, 
radome, i t ' s  always pa in ted  a very l i m i t e d  spectrum o f  co lo rs ,  because 
i t  makes p a i n t  d i f f i c u l t  and expensive. You go i n t o  e x o t i c  shapes and 
designs, f o r  another th ing .  

and i f  you look  a t  a m i l i t a r y  

Staton: 
smooth, I d o n ' t  r e a l l y  see where design i s . .  . 
Hildebrand: Yeah, we l l ,  on the o ther  hand, you look a t  t he  s i z e  o f  
the room t h a t  has been a l l o t t e d  f o r  an antenna i n  an a i r l i n e r ,  and the  
s i z e  of t h a t  body, and you r e a l i z e  that r e l a t i v e l y  l i t t l e  a t t e n t i o n  
has been p a i d  t o  the problem o f  designing a r e a l l y  good radar.  
There 's  a l o t  o f  room t o  move technology t o  b u i l d  a s u b s t a n t i a l l y  
b e t t e r  radar.  I t ' s  l i k e  b u i l d i n g  your  home stereo; i t ' s  the  speaker 
t h a t  mat ters  and money pays. 
sh ip  there.  Put  up an AWACS antenna and you are going t o  be ab le  t o  
reso lve  t h a t  microburst ,  bu t  you c a n ' t  a f f o r d  it. And, I t h i n k  
the re ' s  a c e n t r a l  problem here. 
we l l ,  very h igh  performance radomes and antennas are  going t o  have t o  
be b u i l t  i n .  Volume product ion i s  going t o  have t o  be used t o  d r i v e  
the  costs  down t o  an a f fo rdab le  l e v e l .  Fo r  our  research radar  t h a t  
I'll describe, we are  t a l k i n g  about antennas alone t h a t  are going t o  
c o s t  on the  order  o f  $150,000 apiece, a f t e r  engineer ing costs.  And we 
have t h a t  from enough independent sources t o  be p r e t t y  much convinced 
t h a t  i t ' s  r i g h t .  You c a n ' t  a f f o r d  t o  pu t  t h a t  on an a i r l i n e r .  

Yes, the  shapes we're dea l ing  w i t h  on a i r l i n e s  are f a i r l y  

I t ' s  a d i r e c t  cause and e f f e c t  r e l a t i o n -  

I f  you are  r e a l l y  going t o  do the  j o b  
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Staton: 
t h a t  was a r i p o f f !  

That t a i l s t i n g  radome on the  P3 cos t  us $40,000 i n  1976, and 

Hildebrand: I t h i n k  those k inds o f  problems, t h a t ' s  an area i n  par- 
t i c u l a r  where t h e r e ' s  a techno log ica l  problem t h a t  has t o  be ad- 
dressed, and could have a b i g  e f f e c t  on so lu t ions .  Most o f  t he  r e s t  
of the problem, I agree, i s  o l d  hat--s imply a p p l i c a t i o n  and a lgo r i t hm 
s tu f f ,  t h a t  ' s techno1 ogy t o o l  s.  

I w i l l  g ive a shor t  p resenta t ion  o f  the  NCAR a i rborne  Doppler develop- 
ment program. 
something about why I ' m  i n t e r e s t e d  i n  t h i s .  John McCarthy has been 
encouraging me t o  be p r a c t i c a l  i n  th ings  f o r  a long time. When you 
send your k ids  o f f  t o  v i s i t  t h e i r  grandparents, and you go t o  the  
a i r p o r t ,  and they are f l y i n g  i n  and the re  are r a i n  showers, you begin 
t o  th ink  a l i t t l e  b i t  more about devot ing e f f o r t  toward the  p r a c t i c a l  
problem ra the r  than j u s t  working on the  research problems. And then I 
recen t l y  learned t h a t  a f r i e n d  o f  mine, who i s  a professor  a t  MIT, had 
been scheduled t o  go on the  a i r p l a n e  o f  t he  young lady t h a t  went t o  
Russia a f t e r  she wrote t o  Andropov t h a t  he was a warmongering 
Communist, o r  whatever she said, and then he i n v i t e d  her t o  v i s i t  
Russia. Well, t h i s  f r i e n d  o f  mine was scheduled t o  get on t h a t  a i r -  
plane. He went t o  the  a i r p o r t ,  then he looked a t  the  sky, and d i d n ' t  
l i k e  the  weather. 
i s  not an a i r l i n e  t h a t  i s  high-tech i n  terms o f  weather t r a i n i n g ,  so 
I ' m  not going t o  get on the  a i rp lane.  
w i t h  t r a i n i n g  i n  weather t h a t  has ever made t h a t  dec is ion.  
never made t h a t  decis ion.  Has anybody here ever made t h a t  dec is ion? 
One person. It takes a l o t  o f  courage t o  do tha t .  Most o f  us p lace  
our  t r u s t  i n  p i l o t s  and a l l  o f  us here are i n  a p o s i t i o n  t o  know what 
k i n d  of q u a l i t y  sensors t h a t  p i l o t s  have i n  f r o n t  o f  them. 
know t h a t  the  combination o f  sensors and t r a i n i n g  and p i l o t  t i redness  
and a l l  t h a t  i s n ' t  opt imal.  Yet, we always get on the  a i rp lane.  A l l  
t h a t  makes me want t o  t ry  not  on ly  t o  devise a b e t t e r  research radar, 
bu t  t o  apply the  knowledge we gain i n  b u i l d i n g  t h a t  radar t o  the  task 
t h a t  we are d iscuss ing here today. 
important th ings  t h a t  I have come t o  be l i eve  i s  t h a t  t he  radar  t h a t  I 
w i l l  descr ibe can be a va luable development t o o l  i n  the  path t o  
g e t t i n g  t o  b e t t e r  a i r  t ranspor t  t ype  radar. 

I w i l l  s t a r t  o f f  w i t h  a l i t t l e  s to ry  t h a t  t e l l s  you 

He looked a t  t he  a i r l i n e  and he decided, we l l ,  t h i s  

I don ' t  know o f  anybody e l se  
I have 

We a l l  

I t h i n k  t h a t  one o f  t he  very 

I want t o  descr ibe the  NCAR E l e c t r a  Doppler Radar, 
s t r a i n t  we are fac ing  i s  we are not  going t o  buy a new b i g  a i rp lane,  
we l i k e  j u s t  what we have. The person on the  s t a f f  who's good a t  
names came up w i t h  t h i s .  Th is  i s  t he  cover o f  a document which 
describes our design plan. W i th in  a couple o f  months, t he  d r a f t  w i l l  
be su i tab le  f o r  handing out, probably as a techn ica l  repor t .  Our 
development process has been a mu l t i f ace ted  process, and I want t o  
g ive  you a l i t t l e  overview o f  t ha t .  What I w i l l  descr ibe i s  t he  
development process, t he  s p e c i f i c a t i o n  o f  goals t h a t  we are t r y i n g  t o  
design for, g ive  you a f e e l i n q  f o r  the  qoals we are des iqn ing for ,  

One design con- 

then how we in tenh t o  design the  
char t  I drew. It shows a l o t  o f  
design of our radar, and I don ' t  
o ther  radars. We have needs f o r  
ment goals, s e n s i t i v i t y ,  s p a t i a l  

radar.- Th is  i s  a s o r t  o f  a - f low-  
the  features t h a t  are going i n t o  t h e  
suspect i t  i s  a l o t  d i f f e r e n t  from 
radar and the  needs descr ibe measure- 
resol  u t i  on, temporal reso l  u t i  on o f  
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t h e  data you are going t o  get. These goals have an impact on the  
technology you are going t o  need, and once you decide what you are  
go ing  t o  measure, you have t o  f i n d  out, can you measure it? Are we 
us ing  e x i s t i n g  technology, o r  are we going t o  design something new? 
You ge t  a bunch o f  design op t ions  based on d i f f e r e n t  techno log ica l  
poss i  b i  1 i t i e s ,  such as d i  f ference i n wave1 ength, antenna, beam w id th  , 
o r  s idelobes o r  o the r  th ings  l i k e  that. As I said, we have t o  use the 
E l e c t r a  unless we want t o  use some small a i rp lane,  which d i d n ' t  seem 
l i k e  a good idea. So, we p u t  a l l  these t h i n g s  together  and we came up 
with a p re l im ina ry  design p lan  based on technology and goals--some 
c o n s t r a i n t s ,  i n c l u d i n g  d o l l a r s .  Other i n p u t s  t o  the  design p lan  come 
from some s o r t  o f  p r o t o t y p i n g  phase, and f o r  us the p r o t o t y p i n g  phase 
i n v o l v e d  us ing  the  NOAA P3 a i rborne Doppler radar  system. 
t h a t  i t  was a l o t  eas ie r  t o  do our p ro to typ ing  us ing  somebody e l s e ' s  
radar.  A t  t he  t ime we decided t h i s ,  the radar  was n o t  f unc t i ona l ;  i t  
had been b u i l t ,  b u t  as a Doppler radar, had never been made t o  work. 
So our sen io r  engineer and I went and f i x e d  the  radar and we designed 
the  f l i g h t  t e s t  program, and we c a r r i e d  o u t  the program through a 
couple o f  i t e r a t i o n s ,  t he  l a s t  being the JAWS p r o j e c t .  The numbers 
over here are rough years. It t e l l s  you something about the  l e n g t h  
o f  t ime invo lved  between c o l l e c t i n g  data i n  1982 i n  JAWS and f i n a l l y  
p u b l i s h i n g  some papers i n  a pub l i ca t i on .  The two papers w i l l  come o u t  
i n  t h e  September i ssue o f  The Journal  o f  Atmospheric and Oceanographic 

t h i s  month's issue, probably be coming o u t  next month, E!?=% a u t  ored w i t h  another person descr ib ing  these t e s t s .  For one, 
t h e  eva lua t i on  o f  t he  c o l l e c t e d  data set, which i s  an impor tan t  p a r t  
o f  t h e  p r o t o t y p i n g  process, i s  very slow. It goes i n t o  the  design 
p lans  and t e l l s  you a l o t  about how t o  do i t  Band how t o  n o t  do it. 
You g e t  t o  a p lan  and then you have t o  f i g u r e  out, i s  there  a l i n k  
here t h a t  makes any sense a t  a l l ?  You go back and you rev ise ,  on new 
in fo rmat ion .  You compare the  resources such as the d o l l a r s ,  the good- 
w i l l  o f  your  admin is t ra to rs ,  s t a f f i n g  r e s t r a i n t s ,  and again you r e v i s e  
u n t i l  you have a r e a l i s t i c  p lan  t o  bu i l d .  F i n a l l y ,  you are  a t  a s tep  
where we have a design p lan  f o r  the radar t h a t  I w i l l  descr ibe t o  you. 
You are w e l l  aware t h a t  any l i k e  t h i s  w i l l  go through a whole bunch o f  
o t h e r  t e s t s  and steps which g e t  l e s s  and l e s s  s p e c i f i c  as you go along 
i n  the  fu tu re ,  and I d o n ' t  know what's going t o  happen. We have a 
p l a n  where we had a design review where we brought  i n  l o t s  o f  meteo- 
r o l  o g i  s t s ,  engi neers who are fami 1 i a r  with meteorol og i  ca l  research 
Doppler radar, and we have them take t h e i r  bes t  shots a t  our plan. 
We are  having t o  make some r e v i s i o n s  and w e ' l l  come up w i t h  a f i n a l  
design p l a n  which w i l l  be a v a i l a b l e  i n  a month o r  two. We are  now 
beginning t o  ge t  i n t o  some p re l im ina ry  component t e s t s  f o r  the radar. 
Based on these two items, we w i l l  make dec is ions  about what we send 
o u t  w i t h  our fees o r  do in-house cons t ruc t i on  on and s t a r t  t he  f l i g h t  
t e s t ,  etc.  These are  d i f f i c u l t  steps, b u t  when we f i n a l l y  ge t  t o  
f l i g h t  t es t i ng ,  we w i l l  have t o  have developed a l l  data ana lys i s  
a lgor i thms i n  such a way t h a t  we can produce a radar  t h a t  has been 
t e s t e d  a year  l a t e r .  Which means t h a t  we w i l l  be doing our research 
eva lua t i on  a l o t  f a s t e r  than we normally do a system. 

We r e a l i z e d  

U n i d e n t i f i e d :  Have you se lec ted  a c a r r i e r  frequency y e t ?  

Hildebrand: Yes, i t ' s  an X-band radar. Our f i r s t  step i n  a l l  o f  t h i s  
was t o  f i g u r e  o u t  what k i n d  o f  radar we wanted t o  b u i l d ,  what do t h e  
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users want t o  measure? So, we went out t o  the community and we asked 
the people what the community needs for  radar work--what k i n d  of 
research project you w a n t  s tud ied ,  mesoscale convective s tu f f ,  squal l  
lines, hurricanes, what k i n d  of design goals are necessary, spat ia l  
resolution, temporal resolution, etc.  We sent out a hundred question- 
naires. We basically took an old radar conference and selected a 
bunch of names and sent i t  out and got almost half of them back, and 
according to  my sociologist  friends, i t  was a f a i r ly  good response t o  
a questionnaire. The questions we asked, we asked each person t o  
specify w h a t  they wanted for  t he i r  research, and we d i d  our best t o  
t e l l  everyone not t o  t e l l  us w h a t  the community needs. We asked what 
plans you want and what are the resolution measurement accuracy and 
sensi t ivi ty  and a i r c ra f t  character is t ics  you need for  the radar and 
you want t o  use i n  your research. Some people gave us some very wise 
and t h o u g h t f u l  answers and some people d i d n ' t .  Here are  the resul ts  
of the 1 i ttl e popul a r i  ty  contest. Mesoscal e convective complexes came 
i n  number one, although we don't understand how those t h i n g s  work-- 
thunderstorms that  are hundreds of kilometers or s t a t e s  across, and 
nobody really understands how they work. 
give me pictures of them, they would give me a couple of pictures,  and 
t e l l  me how the i r  recollection is  something different .  So, I know 
tha t  people don't really know what they look 1 ike a l l  tha t  well. 
Severe storms are r i g h t  up there i n  the popularity contest. 
other t h i n g s ,  b u t  of particular i n t e re s t  are hurricanes and ocean 
storms you can ' t  study w i t h  ground-based systems. In terms of resolu- 
t ion requirements--by resolution here, I don't  mean resolution of an 
osci l la t ion or  wavelength resolution, I mean data density. How often 
do you need to  make a measurement? In the ver t ical ,  people thought we 
needed to  make measurements every hundred meters t o  four hundred 
meters, depending on the feature being looked a t ,  b u t  small cumulus 
scale people thought we needed to  look a t  hundred-meter resolution, 
both i n  the vertical and the horizontal. People looking a t  severe 
storms see these 200-and-something meters (these are average mean 
values) vs. 300 meters. Microbursts are i n  this range. You c a n ' t  
afford to  have one-kilometer resolution and even hope t o  measure 
microbursts. I t  just won't cut i t .  The time scale--the cumulus 
people thought we had to  have a measurement every minute. People 
studying CB's weren't a whole l o t  more forgiving; they said about 
every three minutes. What we know about microbursts says i t ' s  going 
to  be more l i ke  a shorter scale than a longer scale. Five minutes i s  
a long time i n  the l i f e  of a microburst. We asked people about the 
domain s ize  they wanted to  look a t .  The hurricane people wanted to  
have a domain horizontal extent approaching 200 kilometers. The small 
cumulus people only needed to  look a t  15 or so. That's probably the 
k i n d  of scale tha t  we're talking about. B u t  people also realized that  
w i t h  an airborne system, i f  you need to  see 200 kilometers, you don't 
have t o  see i t  a l l  a t  once because the airplane moves around. So they 
realize t h a t  the radar range can be a l o t  smaller. The hurricane 
peopl e have more experience w i t h  airborne Doppler radar, because they 
have one. They real ize  tha t  i f  you can look 60 or 70 kilometers, you 
are  doing f ine.  

A1 though I asked people to  

A l o t  of 

Crabill: Y O U  say they have just one airborne Doppler radar? 
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Hildebrand: Yes, one on a NOAA P3. Just  one a i rborne  Doppler radar. 

C r a b i l l :  Your v e r t i c a l  sca le confuses me. It says ho r i zon ta l  range. 
On t h e  lower... 

Hi ldebrand: Th is  i s  ho r i zon ta l  range, ho r i zon ta l  domain s ize.  I ' m  
showing they r e a l i z e d  t h a t  you can move your  domain around and thereby 
encompass a l a r g e  measurement domain. So t h a t  t he  hur r icane people, 
a l though they need t o  see 200 ki lometers,  on ly  need a radar t h a t  puts  
out 60. 
t he  j o b  o f  a microburst .  You move the observat ional  domain t o  where 
i t  matters.  

That 's  t he  n i ce  t h i n g  about the a i rborne  Doppler radar f o r  

I n  terms of radar s e n s i t i v i t y ,  people wanting t o  look a t  small cumulus 
clouds thought they had t o  be able t o  see about minus 80 dBZ out t o  
t h e  maximum range i n  which they were in te res ted .  That 's a p r e t t y  
s e n s i t i v e  radar, bu t  i t ' s  not  a tremendously s e n s i t i t v e  radar. We 
t h i n k  you have t o  measure more accurate ly  than t h a t .  

Un iden t i f i ed :  Maybe I ' m  ignorant,  but what i s  Z value? 

Hi ldebrand: I t ' s  m i l l i m e t e r s  t o  the  6 th  per meter cubed. 
meteoro log ica l  u n i t  t h a t  r e l a t e s  t o  l i q u i d  water content i n  a r e a l l y  
c loudy s i t u a t i o n .  The normal meteorological  u n i t  i s  r e f l e c t i v i t y  i n  Z 
u n i t s ,  o r  d0Z. It t u r n s  out t h a t  t h i s  k i n d  o f  requirement here i s  
roughly  zero a t  30 k i lometers  o r  more, i s  a much more s t r i n g e n t  re-  
quirement than t h i s .  It w i l l  more than meet these goals. I w i l l  show 
you s e n s i t i v i t y  c a l c u l a t i o n s  which we've done. I n  terms o f  measure- 
ment accuracy, l o t s  o f  people show l o t s  o f  l ack  o f  understanding o f  
how l i k e l y  you are t o  measure r e f l e c t i v i t y  i n  an absolute scale. I 
don ' t  know o f  any radar t h a t  i s  ca l i b ra ted  we l l  enough t o  g ive  you one 
dB absol Ute accuracy. R e l a t i v e  d i f ferences,  sure. The v e l o c i t y  accu- 
racy people want about h a l f  a meter per second, t h a t  we can achieve 
w i th  t h e  a i rborne  system. 
l a s t  one o f  these char ts  I w i l l  show you i s  something t h a t  i s  he lp ing  
us t o  design the  radar  a whole l o t .  I r e a l i z e d  t h a t  a l l  these requ i re -  
ments were t i e d  together  and when you look a t  t he  l a r g e  domain, you 
need low reso lu t i on .  I n  f a c t  t h a t ' s  how radars are being b u i l t ,  i f  
you want t o  look a t  a l a r g e  range then pulse l eng th  i s  usua l l y  i n -  
creased. So, as the  r e s o l u t i o n  needs go up, t he  domain s i z e  gets 
l a rge r ,  the  t ime sca le  gets longer, the v e r t i c a l  r e s o l u t i o n  gets 
longer,  and you can design your radar t o  zoom i n  e f f e c t i v e  ways. We 
w i l l  t r y  t o  do t h i s  i n  a way t h a t  zooms a t  t he  r a t e  i n  which you scan. 
So, i f  you are l ook ing  a t  a small area, you look through fas t ,  you 
look through it wi th  h igh  reso lu t i on ,  bu t  you d o n ' t  look very f a r .  
And i f  you want t o  look a t  a very la rge  area, you scan more slowly,  
you get coarser r e s o l u t i o n  and spend more time, but  you see a l o t  
more. It f i t s  meteoro log ica l  phenomena and again microbursts  are 
going t o  be i n  the  sho r t  end, h igh reso lu t i on  stage, but, I t h i n k  
the re ' s  no reason why they cou ldn ' t  be done w i t h  the  same radar t h a t  
does the  s u r v e i l l a n c e  job. I t ' s  a matter o f  des ign ing it t o  do both 
th ings .  We described, us i  ng our user surveys, measurement, and s c i  en- 
t i f i c  research goals and then thereby government c r i t e r i a  and came up 
w i th  some design goals. The ava i l ab le  hardware on t h e  a i r c r a f t  have 
another i n p u t  and we a lso  put  together a design philosophy. There a re  

I t ' s  a 

We've shown t h a t  wi th  the  NOAA P3. The 
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some cons t ra in ts  on what you have t o  do w i t h  the  a i r p l a n e  t o  c o l l e c t  
useable data or  how you design the  system t o  p rov ide  reasonable d i s -  
p lays  t h a t  are very impor tant  and s i m i l a r .  
example, t he  idea t h a t  you c a n ' t  d i s p l a y  the  vector  wind f i e l d  t o  t h e  
p i l o t  and expect him t o  look a t  it o r  use it. Well , my experience i s  
it i s  very hard t o  d i sp lay  Doppler radar  data t o  s c i e n t i s t s  and get 
them t o  look a t  it. Dur ing the  COPE experiment ( t he  Cooperative 
Convective P rec ip i  t a t i o n a l  Experiments i n  Montana) , h o r r i b l e  name, bu t  
a very i n t e r e s t i n g  experiment i n v o l v i n g  the  Bureau o f  Reclamation, 
NSF, the NASA CV990 and o ther  a i r c r a f t  i n c l u d i n g  a NASA 8-57, I used 
t o  go i n t o  the  operat ions center  and tease the  operat ions d i r e c t o r  by 
q u i e t l y  t u r n i n g  the  d isp lays  from r e f l e c t i v i t y  t o  v e l o c i t y .  None o f  
t h e  people who have s u f f i c i e n t  s t a t u r e  t o  have the  exa l ted  t i t l e  of 
Operations D i r e c t o r  had any i n t e r e s t  i n  l ook ing  a t  Doppler v e l o c i t y .  
They a l l  wanted t o  look a t  r e f l e c t i v i t y .  They could understand the  
ser ies  of concent r i c  r ings,  and they d i d n ' t  want t o  spend a h a l f  day 
o r  less t h a t  it took t o  f i g u r e  out what the  v e l o c i t i e s  mean, even 
though i t ' s  r e a l l y  simple. I f  they made i t  through ca lcu lus  they 
should have been able t o  understand Doppler. 
They're compl icated d isp lays,  and t h a t ' s  a problem. What I ' m  say ing 
i s ,  i t ' s  not  a whole l o t  d i f f e r e n t  w i t h  t r y i n g  t o  get a p i l o t  t o  look 
a t  something and a l o t  o f  s c i e n t i s t s .  

You've spoken o f ,  f o r  

They d i d n ' t  want to .  

We need the  radar t o  operate r e l a t i v e l y  au tomat ica l l y  given some very 
simple inputs .  We want t o  ask the  s c i e n t i s t s  running t h i s  th ing ,  what 
i s  the r e s o l u t i o n  you want out there,  o r  what i s  t he  domain you want 
t o  look over? Jus t  one or  two questions. You have a radar t o  decide 
everything. We want t o  have d isp lays  t h a t  operate i n  a f a s t  i n t u i t i v e  
manner. 
operat ions d i r e c t o r s  i n  the a i r  t o  be t u r n i n g  them o f f ,  and they w i l l .  
We want t o  c o r r e c t  f o r  t y p i c a l  Doppler radar problems such as f o l d i n g  
and sidelobes as much as p r a c t i c a l  as you can w r i t e  a d o l l a r  s ign  i n  
there.  We want the  radar t o  be designed f o r  expansion improvement, we 
have t o  do tha t ,  or  we can ' t  a f f o r d  t o  b u i l d  the  f i n a l  system. We 
want the system t o  be r e l i a b l e  and easy t o  ma in ta in  i n  the  f i e l d .  The 
frequency choice i s  based on many considerat ions.  We want t o  f i l l  up 
space w i t h  radar  observations. 
over here, then a b i g  gap, then a few more here. We want t o  un i fo rm ly  
f i l l  up t h a t  convect ive c loud w i t h  observat ion points .  We want t o  
have an adequate l e v e l  o f  range and v e l o c i t y  measurements o r  minimize 
the  ambiguity o f  t he  f o l d i n g  range o r  t he  v e l o c i t y  t o  the  p o i n t  t h a t  
we can handle the  data. I f  the  unambiguous v e l o c i t y  range i s  p lus  o r  
minus 5 meters per second i n  a severe storm, we are j u s t  not  going t o  
so lve the  problem. I can a t t e s t  t o  tha t .  I t ' s  been run on me, and I 
cou ldn ' t  so lve it, and o ther  s c i e n t i s t s  and engineers could not r e l i -  
ab ly  unfold the data. Based on these k inds o f  cons iderat ions,  we can 
come up w i t h  some recommended ways. 
design r e l a t e  t o  sampling goals and f i l l i n g  up space proper ly ,  and 
t h a t  has imp l i ca t i ons  t o  how you scan. 
considerat ions t h a t  have o ther  i m p l i c a t i o n s  f o r  design t h a t  t e l l  us we 
are going t o  need m u l t i p l e  frequencies. I'll mention those issues 
shor t l y .  

We want people t o  want t o  look a t  them. We don ' t  want our 

We don ' t  want a l o t  o f  measurements 

The o ther  considerat ions of t h e  

There are some sampling r a t e  

Radar scanning and data c o l l e c t i o n  are  1) quasi-evenly spaced data. 
2 )  We need adequate s p a t i a l  reso lu t i on ,  s c i e n t i s t s  t e l l  us how o f ten  
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we have t o  take  measurements. If you want t o  look  a t  a microburst ,  I 
t h i n k  you have t o  have a measurement under every few hundred meters. 
3 )  Minimize the  l e n g t h  of t ime i t  takes t o  scan through the  volume o f  
i n t e r e s t  t o  measure the  phenomenon you want t o  measure. 4 )  You want 
t o  r e q u i r e  the  a i r p l a n e  no t  t o  do something strange i n  the  a i r  and i n  
our case, we have the  problem o f  a b i g  meso-scale squal l  l i n e  t h a t  
goes from Oklahoma a l l  the way across Kansas, say. There are h igh  
r e f l e c t i v i t y  l e v e l  f i v e  o r  red, o r  whatever you want t o  use, areas i n  
there.  You f l a t  j u s t  want t o  f ly  through t h a t .  I f  your  f l i g h t  t r a c k  
requ i res  t h a t  you f l y  L-shaped patterns,  and look  i n s i d e  the corners 
o f  t he  L ' s ,  you c a n ' t  take measurements o f  t h a t  storm. We have t o  f l y  
s t r a i g h t  l i n e s  pas t  the storm. 5 )  We want t o  be ab le  t o  mix a i rborne  
and ground-based Doppler data and, 6) we want t o  have t h e  p o t e n t i a l  
f o r  a near r e a l  t ime f o r  an ana lys i s  f o r  t he  data on the  a i rp lane.  I t  
t u r n s  o u t  t h a t  i f  you can see what you 'a re  measuring, you can do a 
b e t t e r  job .  Well, t he  P3 t e s t s  helped us a l o t  t o  evaluate how t o  
design t h i s  radar. I n  t h e  JAWS experiment, and t h i s  i s  taken from one 
o f  two papers from that ,  there  are two ground-based radars, the C V 2  
and CV4 radars, t h a t  observe the  storm w i t h i n  a 20 km x 20 km box. 
The P3 f l e w  along the  f l i g h t  pa th  and there  are  a number o f  d i f f e r e n t  
dual-Doppl e r  analyses performed. Bas ica l l y ,  understand what we try t o  
do i n  our s c i e n t i f i c  analyses. I f  you have a p o i n t  i n  a storm and you 
want t o  know what the  h o r i z o n t a l  v e l o c i t y  f i e l d  vec to r  i s  a t  t h a t  
po in t ,  you need t o  observe t h a t  p o i n t  from two l o c a t i o n s  which are  
d i f f e r e n t .  For  instance, i f  you observe from here, you can ge t  t he  
component o f  motion along t h a t  l i n e .  I f  you observe from here, you 
have go t  motion along t h i s  l i n e  and from t h a t  you can c a l c u l a t e  the  
eas t  wind o r  t he  n o r t h  o r  whatever ho r i zon ta l  wind you want. 
S i m i l a r l y ,  from the  two ground-based radars, even though they are n o t  
orthogonal, you can s t i l l  do a good job o f  ana lyz ing  the  wind f i e l d .  
So, we d i d  a comparative ana lys i s  s c i e n t i s t s  are f a m i l i a r  w i th ,  t a k i n g  
two ground-based radars i n  a storm i n  t h i s  geometry and c a l c u l a t i n g  
t h e  wind f i e l d .  We a l so  ca l cu la ted  wind f i e l d  us ing  t h i s  f l i g h t  t r a c k  
and t h i s  f l i g h t  t rack ,  o r  t h i s  one and t h i s  one. We compared those 
analyses w i t h  these analyses. 

Staton: 
ments a f f e c t  data? 

How does the  t ime d i f f e r e n c e  between the  a i r p l a n e  measure- 

Hildebrand: The a i r p l a n e  data are c o l l e c t e d  over a p e r i o d  o f  seven 
minutes from the  beginning o f  t h i s  t o  the end o f  t h a t .  The actual  
data review which we used was over about 5 minutes and f o r  the la rge-  
sca le  storm feed s t ruc tu re ,  those d i f f e rences  d o n ' t  amount t o  a whole 
l o t .  The e f f e c t s  o f  those t ime changes are  discussed i n  the  paper. 

Staton: The reason I b r i n g  i t  up i s  t h a t  Norm d i d  some work w i t h  the  
F106 compari ng t h i s  ground- based Doppler i n  Norman, Okl ahoma, t o  
another. A few minutes' separat ion i n  run  made a b i g  d i f f e r e n c e  i n  
comparison between the  i n  s i t u  winds and the  ground radar. 

Hi ldebrand: Yes, b u t  remember, when you are  f l y i n g  an a i r p l a n e  
through a storm, you are l i t e r a l l y  d r i l l i n g  a very narrow ho le  through 
t h a t  storm, and the  d i f f e r e n c e  he observed may have been the  f a c t  t h a t  
t h a t  ho le  g o t  advected over here when he f l e w  through again, and he 
was s t i l l  down here. W i t h  radar, we can measure the  o v e r a l l  f l o w  
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f i e l d .  I n  fac t ,  we can adapt one w i t h  respect t o  the  other ,  and f i n d  
t h a t  they are co-located, We d i d  tha t ,  and over t h i s  l eng th  o f  t ime, 
there  r e a l l y  i s  not  a whole l o t  o f  change. I t ' s  enough t o  worry 
about, bu t  i t ' s  not  so bad you can ' t  do t h i s  job.  
here was t h a t  t he  e f f e c t  o f  evo lu t i on  and advect ion was smal ler  than 
analys is  generated areas, pure ly  a numerical ana lys is  dec is ion.  

Here's a comparison o f  the  a i rborne  (which i s  the  lower panel)  and the  
ground-based analys is .  
L e t ' s  look a t  t he  ground-based ana lys is  here. Here's the  h igh  r e f l e c -  
t i v i t y  region, here w i t h  a downdraft coming down t o  the  surface. 
weak echo reg ion i n f l o w  i s  shown here, and the  updra f t  here and out-  
f low.  This happens t o  be an east-west cross sect ion,  t he  r e f l e c t i v i t y  
contours show the  format ion o f  the  a n v i l  o f f  t o  the  back o f  the  storm. 
This  i s  20 k i lometers  across here, and the  he igh t  goes from 0.6 k i l o -  
meters above the  surface t o  13.6 k i lometers  a l t i t u d e .  A f a i r l y  d i f f i -  
c u l t  cu t  through a convect ive storm. 

The bottom l i n e  

This i s  one cu t  through a convect ive storm. 

The 

Un iden t i f i ed :  Where was the  a i rp lane  w i t h  respect t o  the...? 

Hildebrand: 
c r a f t ,  and the  a i rp lane  was f l y i n g  b a s i c a l l y  along here. This  i s  the  
a i r c r a f t  analys is .  The ho r i zon ta l  wind measurements are w i t h i n  a 
meter per second o r  so throughout the  measurement. The on ly  area 
where the re ' s  a l a r g e  d i f f e r e n c e  i s  i n  the  v e r t i c a l  v e l o c i t y  component 
on l y  i n  t h i s  area here. The reason t h a t  t he re  was a l a rge  d i f f e r e n c e  
there  i s  t h a t  you have winds blowing s t r a i g h t  i n t o  a h i g h - r e f l e c t i v i t y  
area, Doesn't make any meteoro log ica l  sense. This  h i g h - r e f l e c t i v i t y  
area i s  an obs tac le  the  way the  environmental a i r  reacts  t o  a storm as 
i f  i t ' s  a post i n  a stream and the  a i r  goes around it. Well, t he  a i r  
goes around the storm. The a i r  i s  
no t  going i n t o  the  storm l i k e  tha t ,  i t ' s  g e t t i n g  en t ra ined and then 
going up over the  top, and around the  sides. So t h i s  i s  wrong. The 
reason t h a t  i t ' s  wrong i s  t h a t  the  s idelobes, t he  antenna on the  P3 i s  
a f a i r l y  lousy antenna. With the  technology a v a i l a b l e  a t  the  t ime i t  
was b u i l t ,  i t  was a f a n t a s t i c  job, w e l l - b u i l t  and designed antenna, 
b u t  i t ' s  j u s t  not  t h a t  good, i t ' s  been hanging around over the  years.  
I t ' s  got s ide lobe problems and look ing  a t  a h igh  r e f l e c t i v i t y  g rad ien t  
and a h igh  v e l o c i t y  gradient  and what i t  was seeing here i n  t h e  low- 
r e f l e c t i v i t y  area r e f l e c t e d  a l o t  more what was going on here i n  a 
h i  gh-ref  1 e c t i  v i  ty, h i  gher-vel  o c i  ty  area than what was r e a l  l y  happen- 
ing,  and I had t o  e d i t  those data out, out o f  t he  s i n g l e  Doppler data, 
out  o f  the  i n d i v i d u a l  scan from the  a i rborne  radar before I d i d  t h i s  
analys is ,  so t h a t  there  were no data a t  t he  top  o f  the  storm. 
c o r r e c t l y  perceived t h a t  t he re  was a problem w i t h  the  raw data. 
sequently, we d i d n ' t  have any measurements from the  top o f  the  storm 
and the importance o f  t h a t  i s  t h a t  the  way we do our analyses i s  we 
b a s i c a l l y  c a l c u l a t e  a l l  the ho r i zon ta l  wind and then you look a t  some 
boundary, l i k e  the  top o f  t he  storm and you assume t h a t  t he re ' s  no 
v e r t i c a l  v e l o c i t y  up there.  So, i f  you've got f l ow  l i k e  t h i s  and you 
get t o  the  top  of t he  storm where the re ' s  no f low, you know t h i s  f low 
i s  going t o  be going out , That j u s t  makes sense. We1 1, from the  
radar p o i n t  of view, you don ' t  see t h i s  because you are l ook ing  a t  i t  
sideways. What you assume i s  
zero v e r t i c a l  v e l o c i t y  above it, and you put  these measurements 

Well, the  lower se t  o f  data we c o l l e c t e d  w i t h  the  a i r -  

That 's  the  way the  storm works. 

I 
Con- 

What you see i s  a d ivers ionary  ob ject .  
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together and you can deduce t h a t  there i s  a p o s i t i v e  v e l o c i t y  there. 
There j u s t  has t o  be some con t inu i t y .  You d i d n ' t  create t h a t  a i r ,  and 
the  only  place i t  can go i s  up. And i t  turns ou t  what we d i d  i n  t h a t  
p a r t i c u l a r  case was, I had thrown a l l  t h a t  s t u f f  out. So, I had 
thrown ou t  the boundary cond i t i on  t o  show t h a t  there was a v e r t i c a l  
v e l o c i t y  there. Therefore, i n  t h a t  pa r t  o f  the storm we l o s t  t he  
v e r t i c a l  y e t  we s t i l l  c o r r e c t l y  measured the hor izonta l .  Now what 
impact d i d  t h a t  have on the analysis, on the  development o f  our radar? 
It t e l l s  us t h a t  we have t o  spend a l l  the money we can a f f o r d  t o  spend 
on the q u a l i t y  o f  the beam pa t te rn  outside the radome. We are t r y i n g  
t o  design f o r  on the order o f  30 t o  35 dB per sidelobe outs ide o f  the 
antenna. 
as hard as we can a f f o r d  to, and radome design technology and see 
where the p r i c e  performance curve s t a r t s  t o  change, and they do. This  
i s  a problem t h a t  i s  very s i m i l a r  f o r  .the systems f o r  wind shear tech- 
nology. Can go up t o  70 dB on an AWACS 
antenna, b u t  we c a n ' t  a f f o r d  it, and yet i f  the  technic ians s t a r t  t o  
touch it, we d o n ' t  have i t  anyway, so there 's  no p o i n t  i n  going there. 
20 dB i s n ' t  r e a l l y  going t o  c u t  i t  too wel l .  The comparison was t h a t  
we were very happy. We saw t h a t  the airborne systems made measure- 
ments t h a t  were very much l i k e  the ground-based system and the d i f -  
ferences between the measurements were more a t t r i b u t a b l e  t o  problems 
l i k e  t h a t  upper boundary cond i t i on  l i k e  where you assume zero o r  
should you assume zero o r  how d i d  you f i l t e r  the data t h a t  was 
c o l l e c t e d  i n  r a d i a l  space and how d i d  you f i l t e r  t h a t  and p u t  i t  onto 
a Cartesian g r i d  f o r  analysis? Those are analys is  problems, and are 
tough problems, and those are worse problems than the f a c t  t h a t  you ' re  
using an airborne radar. It says i t ' s  an okay t o o l  t o  use and we're 
charging ahead because o f  that .  And I t h i n k  i t ' s  a good t o o l  t o  use 
t o  measure microbursts. L e t  me t e l l  you a l i t t l e  b i t  more about the 
NOAA P3 radar system. Basica l ly ,  i t ' s  i n  the t a i l  o f  the a i r c r a f t .  
It s t i c k s  ou t  o f  the back o f  the a i r c r a f t  and spins around l i k e  t h i s  
as i t  f l i e s  through the a i r  and i n  the l eng th  o f  t ime i t  spins around 
l i k e  t h i s  the a i r c r a f t  moves some distance t h a t  i s  determined by the  
scan r a t e  and the a i r c r a f t ' s  t r u e  airspeed. And because of a l l  that ,  
you can then def ine the data density. The data densi ty goes one 
measurement here and one here, you've got pulse length,  densi ty here 
and scan length.  We j u s t  have t o  ad just  a l l  these things. I n  the  
NOAA P3 system, i n  order t o  make our measurements i n s i d e  of the storm, 
we make measurements when we f l y  here and when f l y i n g  down t h i s  t rack,  
we make measurements on t h i s  l i n e  and t h i s  l i n e .  And there are i n t e r -  
sect ions where we can get  our two-dimensional wind f i e l d .  The tech- 
nique we are going t o  use uses two antennas on one a i rp lane.  One 
other  t h i n g  t h a t  I want t o  mention i s  t h a t  we th ink  t h a t  t he  p o i n t i n g  
angle measurements from the antenna are very important. We can def ine 
the need o f  c e r t a i n  conversions, the a b i l i t y  t o  measure convergence 
a t  the top o f  the storm. That t rans lates d i r e c t l y  t o  the v e r t i c a l  
v e l o c i t y  accuracy, and there are s c i e n t i f i c  needs f o r  c e r t a i n  
accuracies, etc. We can t u r n  t h a t  i n t o  a v e l o c i t y  measurement 
accuracy and we have been able t o  do the same s o r t  o f  t h i n g  f o r  the 
microbursts. I n  order t o  ge t  ha1 f a meter per second ( I  ' m  n o t  sure 
t h i s  i s  the r i g h t  number, I made these numbers up a couple n igh ts  
before I gave the t a l k )  , we t h i n k  t h a t  we have t o  make measurements t o  
b e t t e r  than 3 tenths o f  a degree o f  the antenna p o i n t i n g  angle. We 
have t o  measure the  di f ference Sn the  antenna p o i n t i n g  angle and the 

What we need t o  do there is push antenna design technology 

L e t  me back up a l i t t l e .  
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t r u e  airspeed vector.  The a i r p l a n e ' s  f l y i n g  along i n  some d i r e c t i o n  
and the antenna i s  p o i n t i n g  out  there.  And t h a t  ai rspeed i s  g e t t i n g  
t o  the r a d i a l  v e l o c i t y  measurement. Taking those, we can measure the  
a i r c r a f t  a i rspeed wi th some accuracy and l e t ' s  assume t h a t ' s  p e r f e c t l y  
accurate, (of course t h a t ' s  r e a l l y  wrong). You can then descr ibe the  
accuracy i n  antenna p o i n t i n g  angle where i t  i s  necessary t o  measure 
t h e  rad i  a1 v e l o c i t y  measurements accura te ly  fo r  these purposes. And 
i t  turns  out t h a t  we are g e t t i n g  down t o  accuracies t h a t  are pushing 
t h e  s ta te  o f  t he  a r t  t o  p o i n t  something f r o m  the  a i r p l a n e  and we know 
absolute ly  where i t  i s .  I don ' t  t h i n k  t h i s  i s  as bad a problem f o r  
t he  wind shear de tec t ion  radar, and I t h i n k  you can get away w i t h  
look ing  a t  de r i va t i ves .  You can de tec t  where the  ground c l u t t e r  i s .  
So, we are going t o  design a radar t h a t  on the  a i rp lane  a t  one spot 
has one beam tha t  looks back, and another beam which looks forward, 
So, it s l i d e s  along and a t  every l o c a t i o n  looks both back and f o r t h .  
I f  you scanned the  whole sur face around t h i s  l i n e  here you f i l l  up 
space w i t h  t h i s  k i n d  o f  r i n g  here. So, we w i l l  have achieved our goal 
o f  making measurements r e l a t i v e l y  equa l ly  w i t h  the  except ion o f  i n  t h e  
e leva t i on  angle, these th ings  w i l l  get more coarse. We w i l l  be ab le 
t o  change the  r e s o l u t i o n  from about 150 meters t o  out t o  a k i lometer ,  
e i t h e r  i n  t h i s  d i r e c t i o n  o r  i n  the  o ther  d i r e c t i o n ,  j u s t  by changing 
t h e  pulse length.  We can look over domains l i k e  t h i s .  It w i l l  t ake  
us on the order o f  (on the  average) o f  under a minute t o  s i x  minutes 
t o  sample. 

Here's a p i c t u r e  o f  how the  scanning goes, 
a i rp lane  f l i e s  along t h i s  l i n e  w i t h  one beam look ing  forward and t h e  
other  one a f t .  They both sp in  about t h i s  axis,  which i s  roughly  the  
a i r c r a f t  cen te r l i ne .  Ac tua l l y  you want the  a i r c r a f t  t o  be p a r a l l e l  t o  
t h e  ground, so you have t o  f i gu re  out the  p i t c h  angle f o r  some nominal 
1 oadi ng and a1 t i tude, and a i  rspeed. 

This  i s  much simpler,  t he  

Un iden t i f i ed :  
panel? 

Do you have both phased arrays at tached t o  the  same 

Hildebrand: Yes, bas i ca l l y .  I'll get t o  t h a t  i n  j u s t  a minute. Now 
we run i n t o  a couple o f  problems. One o f  the  problems has t o  do w i t h  
how f a s t  we have t o  scan the  antenna. I f  we are going t o  scan i t  
around so f a s t  t h a t  we get back t o  the  same e leva t i on  angle i n  150 
meters ( t h a t ' s  the  speed o f  t he  E lec t ra ) ,  we have t o  scan a w f u l l y  
f as t .  It tu rns  out t h a t  we have only  3.5 m i l l i seconds  t o  scan t h a t  
f a r  o r  about 7 i f  we scan every 300 meters. 
o f  independent sampling and t h a t  i s  due t o  p a r t i c l e  s h u f f l i n g  i n  t h e  
atmosphere, and t h a t  i s  r e l a t e d  t o  the  turbulence i n t e n s i t y  and the  
wavelength. 
respect t o  the  wavelength i n  order t o  be a s t a t i s t i c a l l y  independent 
sample. You need t o  do some r e s h u f f l i n g .  V i r t u a l l y  every th ing  t h a t  
we are going t o  look a t  i s .  We1 1 , we t h i n k  we are going t o  end up 
w i t h  a 3-cent imeter radar. The sum amount o f  turbulence, t h e r e ' s  
tu rbu  lence here and here; i t  says t h a t  t he re  are some cases here 
where we're i n  the  l a s t  t u r b u l e n t  areas such as s t ra to fo rm clouds, 
where we w i l l  have t r o u b l e  g e t t i n g  independent samples i n  the  l eng th  
of t i m e  we have a v a i l a b l e  t o  c o l l e c t ,  so we need t o  go wi th some e x t r a  
t r i c k s .  Sample i n  e leva t i on  t o  so lve t h e  problem and the re  are a 
couple types of th ings  we can do. 

We can r e l a t e  t o  t h e  t ime 

Bas ica l l y ,  a p a r t i c l e  has t o  move c e r t a i n  d is tances w i t h  
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Staton: 
such t h a t  t h i s  i s  t he  c o r r e l a t i o n  t i m e  o f  t he  process. Why i s  t h a t  
impor tant  ? 

What you are r e a l l y  saying i s  t h a t  the  Doppler bandwidth i s  

Hi ldebrand: The problem i s  t h a t  you want a sample populat ion and you 
are not  going t o  sample the  whole populat ion,  you have t o  sample i t  a 
c e r t a i n  number of times. 

Staton: 
don ' t  get Doppler in format ion.  

I f  you sample i t  a t  t imes more i n f r e q u e n t l y  than tha t ,  you 

Hi ldebrand: 
t r o u b l e  i s  t h a t  Doppler in format ion i t s e l f  i s  j u s t  a sample o f  t h e  
t rue .  
on a d i s t r i b u t e d  ta rge t .  Remember t h f s  i s  a d i s t r i b u t e d  ta rge t ;  you 
c a n ' t  use a p o i n t  t a r g e t  radar c a r r i e r .  
samples, average them together  and come t o  an est imate o f  t he  mean 
r a d i a l  v e l o c i t y  i n  t h a t  po in t .  We f igured out  t h a t  we are going t o  
have t r o u b l e  there,  so as your radar looks out  w i t h i n  some beam, you 
have some length  of time, number o f  pulses, and we are saying t h a t  our 
assessment of t he  theory i s  t h a t  we don' t  r e a l l y  have enough t ime i f  
we j u s t  t ransmi t  on one frequency--and t h a t  w i t h  the  one pulse i n  t h a t  
l eng th  of t ime it i s  d i f f i c u l t  t o  get a good est imate o f  t he  mean 
v e l o c i t y .  There are a couple o f  th ings  we can do. One i s  we subsec- 
t i o n  the  pulse i n  two halves. You can average those two together .  
Those two are independent. We j u s t  doubled it. Another t h i n g  we can 
do i s  ins tead of j u s t  t r a n s m i t t i n g  on one frequency, we can have f2 ,  
f 3  o r  f4. Obviously, now we can get up t o  say w i t h  f4, e i g h t  samples 
here, two i n  range and fou r  i n  frequency and you j u s t  r a i s e  the  com- 
p l e x i t y  o f  your radar. Well, we are working on those problems, but i t  
i s  an area where we are having t o  push p r e t t y  hard. The bottom l i n e  
f o r  the  proposed se t  o f  spec i f i ca t i ons  fo r  t he  radar  i s  t h a t  it w i l l  
be an X-band radar, it w i l l  have up t o  four d i f f e r e n t  t r a n s m i t t e r  
f requencies,  a l l  i n  the  same t ransmi t te r .  The beam width w i l l  be 
about 1.8 degrees. Peak power w i l l  be about 100 kw t o  the  t rans-  
m i t t e r ,  which. i s  50 kw per beam; t h e  average power about 250 wat ts  per 
beam, pulse w id th  va r iab le  t o  between 10 t o  about two microseconds, 
and these l i m i t a t i o n s  are a r e s u l t  o f  l i m i t a t i o n s  on the  tube. PRF 
a v a i l a b l e  i n  about t h i s  range here and a s e n s i t i v i t y  o f  about 0 dBZ a t  
about 25 k i lometers.  That ' s  on the order of 10 t o  20 dB more sensi-  
t i v e  than the  t y p i c a l  su rve i l l ance  radar. The layou t  on the  E l e c t r a  
i s  very s i m i l a r  t o  t h a t  on the NOAA P3. A l l  t he  antennas w i l l  go t o  
what's c a l l e d  the  rotodome, wi th t h e  antenna and the  radome a l l  
working together .  RT u n i t  w i l l  go back here, and because the  a i r c r a f t  
f lexes ,  the  a i r f rame bends an appreciable f r a c t i o n  o f  a degree, so we 
pu t  a separate INS back here. Now t h e  data system i s  somewhat forward 
over the  wings, and i s  probably more forward than t h i s ,  j u s t  t o  main- 
t a i n  the  weight balance where it ought t o  be. Now the  concept f o r  the  
antenna is as fo l lows.  Everyth ing a f t  o f  t h i s  l i n e  w i l l  r o t a t e  t o -  
gether. These w i l l  be f i xed  antennas, they w i l l  not  be s t a b i l i z e d  a t  
a l l .  The on ly  mot ion o f  t he  antenna w i l l  be the  motion of t he  r o l l  
a x i s  which w i l l  be d r i ven  i n  such a way as t o  be i n e r t i a l l y  as de- 
coupled as poss ib le  from t h e  a i rp lane ' s  main p i t c h i n g  motion, so t h a t  
as l i t t l e  a i r c r a f t  motion as poss ib le  i s  t ransmi t ted  t o  the  antenna. 

We get Doppler in format ion on every sample, but  t he  

And you need t o  make several samples o f  t he  Doppler in fo rmat ion  

You have t o  get several  
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The antennas, we th ink ,  are f l a t  p l a t e s  w i t h  s l o t t e d  waveyuides. They 
w i l l  be f i x e d  w i t h i n  the  radome. There i s  some proposal f o r  mounting 
one po in t i ng  t h i s  way and another p o i n t i n g  t h a t  way. We are l ook ing  
i n t o  that .  It w i l l  be po in ted  30 degrees forward and t o  the  normal o f  
t ha t .  The advantage t o  having the  radome r o t a t e  w i t h  the  antenna i s  
t h a t  i n  designing the  radome, you on ly  have t o  deal w i t h  one beam 
pos i t ion .  That should be a l o t  cheaper t o  deal w i t h  sidelobes. We're 
a lso  t h i n k i n g  o f  us ing i n f l a t a b l e  radomes. The whole t h i n g  w i l l  be 
mounted on the  back o f  the  E l e c t r a  and w i l l  probably be removable i n  a 
way s i m i l a r  t o  t h i s  and could poss ib l y  be mounted on another a i r c r a f t .  
I t ' s  a system designed f o r  change and c e r t a i n l y  designed f o r  poss ib le  
mounting on another a i r c r a f t .  We are r i g h t  now t a l k i n g  about two 
radars, and t h a t ' s  a mat ter  o f  some f a i t h .  
b lue radar. I presume we w i l l  come up w i t h  more e x c i t i n g  names. But 
t h a t  invo lves two RT un i t s ,  each one having some spectrum o f  frequen- 
c ies  t o  t ransmi t ,  each having waveguide out through some very 
compl i ca ted  apparatus, 1 i ke r o t a r y  j o i n t s .  
cessors f o r  each frequency. Poss ib ly  some s o r t  o f  scheme f o r  un fo ld -  
i n g  the v e l o c i t i e s  and then t ransmi t  out t o  the d i sp lay  and then t o  
some recording c a p a b i l i t y .  We would record the  I&Q output  here, 
before processing, w i t h  the  a b i l i t y  t o  go back and change how we d i d  
th ings.  But, I t h i n k  what's more l i k e l y  i s  we w i l l  record the  ou tpu t  
o f  a l l  t he  pu lse-pa i r  processors, from a l l  rece ivers.  We s t i l l  have a 
l o t  o f  a b i l i t y  t o  go back. It won't on ly  be when we have r e a l l y  
f i gu red  out t o  do the  un fo ld ing  job--again, the  un fo ld ing  job, a 
p r e t t y  tough job, i n  f a c t  i t  i s  tougher than the  t y p i c a l  m i l i t a r y  
p o i n t  t a rge t  un fo ld ing  job,  which i s  something t h a t  i s  done w i t h  some 
accuracy as a mat ter  of some rou t ine .  That 's  where we would l i k e  t o  
get to,  because the  data recorded dens i ty  goes way, way, way down and 
l e t s  you do tha t .  The cu r ren t  est imated bottom l i n e  i n  terms o f  radar  
s e n s i t i v i t y  i s  shown here. There are th ree  wavelengths t o  consider. 
This shows a 2-microsecond pulse and inc ludes the  e f f e c t s  o f  atmo- 
spher ic gaseous at tenuat ion.  This  one a l so  inc ludes cont inua- t i o n  
due t o  hydrometeors est imated a t  a qua r te r  gram per cubic  meter o f  
ra in .  Th is  i l l u s t r a t e s  why we want t o  go t o  X-band i n  the  f i e l d .  
P a r t i  cul a r l y  cons ider i  ng t h a t  severe storms.. .The X-band system here, 
i f  I remember r i g h t  i s  on the  order o f  15 t o  20 dB more s e n s i t i v e  than 
the  t y p i c a l  commercial radar...My guess i s  t h a t  we need something i n  
between the two i n  order t o  do the  microburst  problem. We are g e t t i n g  
spec i f i ca t i ons  from jobs people about what r e f l e c t i v i t i e s  they t h i n k  
they  need t o  do a decent job.  
g r i p s  with t h a t  problem yet .  

I have a red radar and a 

We' 11 have pul  se-pai r pro- 

Somehow they haven' t  r e a l l y  come t o  

Un iden t i f i ed :  How do you t h i n k  the  c l u t t e r  problem w i l l  be handled? 

Hildebrand: 
evaluated the combined e f f e c t s  o f  c l u t t e r  and i t s  e f f e c t s  on low 
s ignal .  You can look out and, 
here 's  the  ground and the  a i rp lane ' s  up here and maybe look down and 
see a microburst  there...a l i t t l e  h igher  up, bu t  you can see something 
else.  You can see t h i s  r i n g  a l l  the  way around the  a i rp lane,  t h a t ' s  
the  range t o  the  ground. Probably have t o  l i v e  w i t h  it. The observa- 
t i o n s  I have f o r  the P3 show measurements down t o  w i t h i n  a few range 
gates of the  ground. 

C l u t t e r  i s  c e r t a i n l y  a problem i n  t h a t  we have no t  

I t  i s  c e r t a i n l y  a problem on the  P3. 
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U n i d e n t i f i e d :  
a i  r c r a f t ?  

How do you take i n t o  account the motion o f  the  

Hi ldebrand: 
along and the  a i r c r a f t  was f l y i n g  leve l ,  the  antenna i s  const ra ined t o  
move r i g h t  a long the  ground. 
out. I know the  a i r c r a f t ' s  v e l o c i t y  w i t h i n  1 m/s or  so, from the  INS. 
Then do a l i t t l e  vector  a d d i t i o n  f o r  each beam. I add on one and I 
sub t rac t  on the  other.  
a t  t he  ground and a c t u a l l y  measure the v e l o c i t y  o f  t he  a i r c r a f t ,  bu t  I 
don ' t  t h i n k  we r e a l l y  need t o  do t h a t  a t  t h i s  po in t .  As soon as GPS 
i s  a v a i l a b l e  on board the  a i rp lane  and w e ' l l  know the  a i r c r a f t  
v e l o c i t y  a l o t  b e t t e r  than necessary. We have a l ready tes ted  i t  on 
the  P3 and we are able t o  remove the  a i r c r a f t  v e l o c i t y  we l l  enough 
w i th  t h e  antenna po in ted  15 degrees forward o f  normal t o  stop t h e  
ground. I n  the  data, once you've stopped the  ground you know you've 
done your  ca l cu la t i ons  c o r r e c t l y .  

Bowles: It looks l i k e  you are p u t t i n g  together  an exce l l en t  radar f o r  
atmospheric research, and t h a t ' s  where the  program i s  i n i t i a l l y  going 
forward to,  according t o  the  survey tha t  you c i t e .  How do you see the  
a p p l i c a b i l i t y  o f  t h i s  radar  t o  a full...wind shear de tec tor?  

I n  t h i s  p a r t i c u l a r  case, t he  antenna was moving r i g h t  

Ta lk ing  about an angle, you subt rac t  it 

You can use the radar  w i t h  fou r  beams look ing  

Hildebrand: Well, I t h i n k  i t  i s  q u i t e  app l i cab le .  I don ' t  t h i n k  t h a t  
i t  mat ters  a whole l o t  whether you are w i t h i n  f i v e  degrees forward o f  
normal, w i t h  the  a i rp lane  going s t r a i g h t  forward. 
c r a f t  v e l o c i t y  out  o f  t h e  data i s  j u s t  as bad. 
one problem, but t h e r e ' s  on ly  120 degrees dead zone ahead o f  the  a i r -  
p lane the  way you've got i t  set  now. I ' m  no t  t r y i n g  t o  look ahead o f  
t h e  a i rp lane  and do wind shear avoidance w i t h  t h i s .  I ' m  t r y i n g  t o  f l y  
past phenomena and measure them. 
problems are r e a l l y  t h e  same. That the on ly  d i f f e r e n c e  i s  when you 
c o l l e c t  the  data and how you decide t o  use i t  and t h a t  i s  an opera- 
t i o n a l  problem. But t he  problem o f  making a measurement o f  phenomena 
doesn' t  mat te r  whether you happen t o  be l ook ing  forward o r  l ook ing  out  
t h e  s ide  t o  see them. I f  I can measure t h a t  phenomenon w i t h  my radar, 
I can descr ibe how you then measure the forward in format ion.  

Ge t t i ng  the  a i  r- 
I t h i n k  t h a t ' s  j u s t  

Now I would submit t h a t  those 

Bowles: 
w i t h  meteoro log ica l  research may place a very severe c o n s t r a i n t  on t h e  
design of your radar. It may not be there, but t he  device i s  pu re l y  
t r y i n g  t o  de tec t  a c e r t a i n  c l ima to log i ca l  ... 

The accuracy, t he  cons t ra in t  which you p lace  on the  radar  

Hi ldebrand: 
system i s  t o  those o f  you i n t e r e s t e d  i n  de tec t i ng  wind shear i s  t h a t  
w e ' l l  have t h i s  t h i n g  a v a i l a b l e  and w e ' l l  be ab le  t o  measure the  wind 
shear phenomena and descr ibe what you would get i f  you operated your  
radar  i n  thus and such a mode. You wanted t o  change the  e leva t i on  and 
pu t  i n  t h e  angular r e s o l u t i o n  i n  s o w  way, you want t o  change how you 
process the  data, I t h i n k  we would be able t o  s imulate tha t .  We'd be 
able t o  change the  ho r i zon ta l  reso lu t ion ,  t h e  r a d i a l  reso lu t i on ,  
through averaging the  e f f e c t i v e  beam width o f  t h e  radar, the  
s e n s i t i v i t y .  I don ' t  t h i n k  we are going t o  have t o  design a radar  
t h a t ' s  t h i s  s e n s i t i v e  and t h i s  f l e x i b l e  t o  do the  job.  
are going t o  use very s imple der ived d isp lays.  

I n  fac t ,  I t h i n k  t h a t  what t h e  advantage o f  t h i s  whole 

I t h i n k  you 
I t h i n k  the  area where 
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we might get i n t o  the same l e v e l  of problem i s  i n  the  antenna q u a l i t y  
cons iderat ions and c e r t a i n l y ,  adaptat ion t o  ground c l u t t e r  noise. 

Un iden t i f i ed :  L e t ' s  see how we understand y o u ' l l  deal w i t h  ground 
c l u t t e r .  

Hildebrand: I don ' t  know how t o  deal w i t h  it. The on ly  way I know 
how t o  deal w i t h  ground c l u t t e r  r i g h t  now i s  a two fo ld  approach. 
i s  t o  b u i l d  the best antenna you can b u i l d  and t h a t  would reduce the  
problem consid erably ,  and t h a t  says you are l ook ing  a t  what you t h i n k  
you are l ook ing  at .  
approach, we need more a b i l i t y  t o  get a t  t h e  actual  ground c l u t t e r  vs. 
meteorological  s ignals .  There's some d i s c r i m i n a t i o n  w i t h i n  the  data 
wi th  each pulse length.  
there.  I f  you look a t  the  m i l i t a r y  app l i ca t i on ,  you see t h a t  inost o f  
t h a t  work i s  done i n  the...If you look a t  meteoro log ica l  app l i ca t i ons ,  
again, most ground c l u t t e r  suppression i s  done i n  a spec t ra l  ana lys is  
type  o f  domain. 

One other t h i n g  I wanted t o  mention i s  t he  data processing f laws. 
This  i s  a h o r r i b l e  c o l l e c t i o n  o f  computer ... Bas ica l l y ,  you've got a 
pu lse-pa i r  processor here, t h a t  feeds i n  the  data t o  some housekeeping 
processor. Now a l l  these are analogs o r  t h ings  t h a t  we b u i l d ,  and we 
are a l l  f a m i l i a r  w i t h  them. The problem though, i s  you have t o  b u i l d  
your  d isp lay  processor i n  such a way t h a t  i t  w i l l  d i sp lay  the  data 
very simply and i n t e r p r e t a b l y  t o  use it. 
the  purposes o f  a i r  safety ,  be worth having some l a s t  few scans a v a i l -  
ab le  on the f l i g h t  data recorder,  but  t h a t  may be asking a l o t .  I 
t h i n k  the d i sp lay  processor i s  something t h a t  r e a l l y  needs t o  be 
worked on hard and something t h a t  we are going t o  work on hard. 
are already g e t t i n g  complaints i n  advance o f  the  d isp lays  s c i e n t i s t s  
are a f r a i d  we are going t o  show them. 
needs t o  be done i s  the  design o f  t he  processing con t ro l  scan, antenna 
pos i t ion ,  etc.  We want t o  take those dec is ions out o f  the  s c i e n t i s t s '  
hands. We want t o  ask them some quest ions t h a t  mat ter  ra the r  than 
asking them what angle they want t o  look at .  
a l l ow  the p i l o t  t o  un i fo rmly  se lec t  t he  antenna ti lt i n  an opera t iona l  
a i r  t ranspor t  radar i s  r i d i c u l o u s .  
system t h a t  can do b e t t e r  than most p i l o t s  do, and t h e y ' r e  t a l k i n g  
about tha t .  They have q u i t e  a v a r i e t y  o f  ideas and some o f  them w i l l  
even remember how t o  run the  antenna t i l t . . .bu t  those k inds o f  prob- 
lems are the  problems we w i l l  be working on, and I t h i n k  we w i l l  have 
some d i r e c t  a p p l i c a b i l i t y  on how you can design ... That 's  what we are 
working on. I t ' s  a p ro jec t ,  t h a t  i n  a t ime o f  some budget crunch, i s  
funded we l l  enough t o  do a l l  t he  planning, and t h i s  i s n ' t  cheap. We 
are funded through '86 and we w i l l  then be ready t o  order the  major 
components. I ' m  working r i g h t  now on g e t t i n g  commitments out o f  NCAR 
and NSF fo r  the  funding o f  hardware, but  I don ' t  have the  money 
committed ye t .  I have the  good wishes o f  t h e  d i r e c t o r  o f  NCAR and I 
think...some support from the  d i v i s i o n  d i r e c t o r ,  who w i l l  fund i t  t o  
the  leve l  t h a t  he can. Frankly,  I ' m  going t o  be out t he re  l ook ing  f o r  
funds and look ing  f o r  ways I can support o ther  p ro jec ts .  

One 

The second i s  t o  go t o  a spec t ra l  ana lys is  

And t h e r e ' s  c e r t a i n l y  been good progress 

I t h i n k  i t  would also, f o r  

We 

The o ther  p lace where work 

General ly,  I t h i n k  t o  

I t h i n k  we can b u i l d  a b e t t e r  
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Bowles: 
a stab a t  what you t h i n k  the  s e n s i t i v i t y  needs t o  be f o r  l o w - a l t i t u d e  
(under 2000 f e e t )  microburst  de tec t ion  i n  l i g h t  r a i n ?  

Could you go back t o  your s e n s i t i v i t y  f i g u r e ?  Could you take 

Hi ldebrand: 
e f f e c t  on the  s igna l .  
maybe 40 seconds, and I t h i n k  somewhere i n  the  range o f  15 o r  20, 
probably. 
So, I t h i n k  we need maybe another 10 dB, maybe 15. 

Well, you can see t h a t  l i g h t  r a i n  doesn' t  have much 
I t h i n k  we are t a l  k i n g  about not  very f a r  out, 

I f  you want much below 20, you are probably asking a l o t .  

Bowles: That sounds about r i g h t ,  based on some stuff... 

Staton: What i s  t h a t  you ' re  t a l k i n g  about, dBZ o r  what? 

Hi ldebrand: 
p r e t t y  s e n s i t i v e  radar, and i t  gets more s t r i n g e n t  when you r e a l i z e  
t h a t  you a lso  want as good r e s o l u t i o n  i n  range. 
reso lu t ion .  

dBZ, a t  a range o f  5 km, o r  something l i k e  tha t .  I t ' s  a 

You don ' t  want 1-mi le  

Un iden t i f i ed :  That ' s  based on your meteorological  research, though. 

Hi ldebrand: Well, I ' m  t r y i n g  t o  answer f o r  t he  microburst  research by 
say ing i t ' s  no t  a whole l o t  l e s s  s t r i n g e n t  than t h i s  f o r  the  de tec t i on  
o f  microburst  i n  the  weak echo regions...Now f o r  vo ice regions, you 
could probably get away w i t h  something l i k e  15 dB less...Now i n  terms 
o f  t he  C o l l i n s  system, a t  long  range it has p r e t t y  good s e n s i t i v i t y ,  
bu t  as soon as you swi tch the  range down t o  a shor te r  range t o  shorten 
up t o  get b e t t e r  range reso lu t i on ,  the pulse, you jump up the re  and i t  
comes down, you jump up and i t  comes down, you jump up and it comes 
down l i k e  t h i s .  You never r e a l l y  get much below zero, i n  f a c t  you 
look  a t  it, you see t h a t  i t ' s  very c l e v e r l y  designed t o  always be a 
l i t t l e  b i t  more s e n s i t i v e  than the  minimum contour they want t o  show. 
They are not wast ing anything. I t  i s  we l l  designed t o  meet the 
c r i t e r i a  f o r  the  system. And t h e  o lder  systems tend t o  be designed a 
l i t t l e  b i t  l ess  than tha t ,  they tend t o  no t  have as much pulse length.  

Bowles: 
b i l i t y  o f  success i n  des ign ing the  wind shear de tec t i on  range system 
based on your  a i  rborne radar.. . 

Based on your  experience, what do you consider the  proba- 

Hi ldebrand: I t h i n k  we might do it. 

Staton: It seems t o  me t h a t  most o f  the problems f o r  t h e  wind shear 
problem as such, are no t  r e a l l y  addressed by your  radar. If you are 
going t o  do any k i n d  o f  c l u t t e r  analysis, t h e  only  way you could do i t  
i s  the  pu lse-pa i r  processor w i t h  the  time domain f i l t e r  ahead o f  it, 
and once you've gone through your  pu lse-pai r  processor, t he  game i s  
over as f a r  as g e t t i n g  r i d  o f  t he  c l u t t e r .  I f  you leave the  c l u t t e r  
i n  there,  i t ' s  going t o  b ias  your  est imate when the  c l u t t e r  i s  i n  your  
f i e l d  o f  v is ion .  

Hi ldebrand: I f  you ' re  speaking o f  the radar,  I t o t a l l y  disagree. We 
intend, as p a r t  of our design e f f o r t ,  t o  have some spec t ra l  ana lys i s  
c a p a b i l i t i e s ,  I t h i n k  we need t h a t  just t o  understand what we are 
g e t t i n g  out o f  t he  pulse p a i r  processor. 
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Staton: I d i d n ' t  see i t  on your  char t .  

Hildebrand: I know, bu t  it e x i s t s  as a design ana lys is ,  i t ' s  not  what 
we are going t o  d e l i v e r  t o  the  s c i e n t i s t s ,  because most o f  them don ' t  
want it anyway. 
requirements t h a t  we are going t o  need w i l l  exceed what's necessary, 
reso lu t i on  requirements t h a t  we are going t o  need w i l l  exceed what 's 
necessary here, but  I ' m  not  t r y i n g  t o  s e l l  my radar as what you need 
t o  b u i l d  f o r  your system. 
hope we do, i t  should be a v a i l a b l e  f o r  p ro to typ ing .  I t ' s  no t  what I 
would design i f  I was t r y i n g  t o  design the  radar t o  do t h a t  job. 
would design something e l se  t h a t  I t h i n k  i s  a do-able j o b  and I also  
t h i n k  ground c l u t t e r  i s  p a r t  o f  i t  and w i l l  be a ser ious problem 
sometime. It i s  not  a ser ious problem a t  o ther  times, and I would 
t h i n k  very, very c a r e f u l l y  about antenna designs, radar  designs, and 
i f  you are c leve r  about your scanning techniques, you can minimize 
your  ground c l u t t e r  problem. I don ' t  t h i n k  ground c l u t t e r  i s  
necessar i l y  going t o  be t h a t  bad a l l  the  time. 

I t h i n k  t h a t  the  s e n s i t i v i t y  and the r e s o l u t i o n  

As soon as we s t a r t  going a t  t he  speed I 

I 

I th ink  you get i n t o  two areas i n  analys is ,  one i s  ground c l u t t e r  
r e j e c t i o n  and the  o ther  i s  pa t te rn  recogn i t i on  i n  the presence o f  
noise. The ground c l u t t e r  i s  the  noise and then you recognize the  
pa t te rn  e x i s t s  there.  
data, 
radar (and I ' m  probably the  f i r s t  one t h a t ' s  ever done t h a t  w i t h  the  
a i  rborne Doppler radar)  was t h a t  I could see i t  j u s t  f ine.  
look ing  down more than we are t a l k i n g  about here, but  I also  had cases 
o f  where I was not l ook ing  q u i t e  so much s t r a i g h t  down. I was look ing  
down a t  20 or 30 degrees ra the r  than down 80 degrees. 
contamination there,  bu t  i t  wasn't rampant contaminat ion t h a t  would 
have i n  any way prevented me from seeing t h a t  t he re  was a microburst .  

I t h i n k  we simply have t o  go out and touch the  
My experience w i t h  l ook ing  a t  a microburst  from the a i rborne  

I was 

There was 

C r a b i l l :  Was t h a t  microburst  a wet one or a dry  one? 

Hildebrand: It was wet. I also  have some observat ions t h a t  are 
f a i r l y  dry  coming out o f  Colorado: 
gusts t o  produce any convergence coming down...The P3 radar  we d i d  our 
t e s t i n g  w i t h  i s  nowhere near as s e n s i t i v e  as t h i s .  It was a very 
usefu l  radar and t h a t ' s  one reason i t  prompts me t o  say t h a t  we don ' t  
have t o  con t ro l  t he  radar t h i s  we l l  t o  see microbursts .  It has cruddy 
beam pat te rns  , considerably reduced sensi t i v i  t y  , and we can s t i  11 see 
it. 

high-based, t h i n  c loud w i t h  no 

Un iden t i f i ed :  
problem where a s ide lobe c l u t t e r  problem i s  r e a l l y  severe. 
t o o  close t o  the  ground the re  and I j u s t  r e a l l y  t h i n k  when we get i n t o  
s imulat ion and the  l i k e ,  I ' m  l i k e  Leo, I don ' t  see the  a p p l i c a b i l i t y  
of look ing down 30 degrees t o  the approach problem. 
me tha t  i t ' s  r i d i c u l o u s .  

I j u s t  don ' t  t h i n k  t h i s  i s  app l i cab le  t o  an approach 
You are  

It j u s t  seems t o  

Un ident i f ied :  
appl icable t o  d i r e c t  s imu la t ion  o f  ground c l u t t e r  impact on the  
measurement. I n  t h a t  regard i t ' s  no t  appl icable.  I n  a l l  o ther  
regards, I guess I... 

Well , d e f i n i t e l y  t h e r e ' s  p a r t  t h a t  i s  c e r t a i n l y  not  

44 



Hildebrand: As a mat ter  o f  f ac t ,  from the  p o i n t  o f  view o f  s imply 
measuring phenomena, i f  you ignore  the presence o f  ground c1ut t .w f o r  
t h e  sample problem o r  the  d i sp lay  problem, then i t ' s  a very simple 
problem. 
e n t i r e l y  r i g h t :  it i s  a d i f f e r e n t  problem. 

I t ' s  on ly  i n  the  area of ground c l u t t e r  where Leo i s  

Bowles: 
what k i n d  o f  output  product needs t o  be der ived  from the p r o j e c t ?  

From your  perspect ive i n  having been around the  JAWS Program, 

Hi ldebrand: The product I would d e l i v e r  t o  the  a i r  t ranspor t  cap ta in  
who i s  t r y i n g  t o  take off and land i s  a product t h a t  i s  a combination 
o f  tu rbu lence d i sp lay  and v e l o c i t y  der i  v a t i  ve d i sp lay  t h a t  t e l l s  him 
about h i s  turbulence i n t e n s i t y  he 's  going t o  encounter a t  shor t  range 
ahead o f  t he  a i r c r a f t  o r  t he  v e l o c i t y  he's going t o  encounter a t  sho r t  
range ahead o f  t he  a i r c r a f t ,  o r  the  v e l o c i t y  ga in or  l oss  i n  the  a i r  
t h a t  he 's  going t o  f l y  through. 
terms, both t e l l i n g  him the  dangerous, and then the  areas t h a t  would 
j u s t  be d i f f i c u l t  t o  f l y  through. 
exact v e l o c i t y ;  I would j u s t  t ry  t o  give him the  warning areas, where 
red i s  i n  an area you don ' t  f l y ,  and orange i s  r i g h t  next t o  red. 

I would g ive  i t  t o  him i n  concrete 

I would not  t ry  t o  t e l l  him t h e  

Bowles: 
easy t o  i n t e g r a t e  w i t h  o ther  k inds o f  area maps and some d i sp lay  
capabi 1 i t y  on board a i  r p l  anes? 

You mean the  k i n d  o f  in fo rmat ion  t h a t  might be conceptual ly  

Hi ldebrand: Yes, I would t ry  t o  present the  data t o  the  p i l o t  i n  such 
a way as he could see concent r i c  contours, such t h a t  the  center  was 
t h e  worst area and there  were l esse r  contours ou ts ide  o f  t h a t  area. 
The r e f l e c t i v i t y  data d i sp lay  i s  an i n t u i t i v e l y  n i c e  d isp lay .  But a 
b i g  v e l o c i t y  here and a l i t t l e  v e l o c i t y  here, w i t h  vectors  going i n  
d i f f e r e n t  d i r e c t i o n s  i s  a b i t  confusing. 
says 14 i s  k ind  o f  confusing too, i t ' s  much b e t t e r  t o  have a p i c tu re .  
You can have the  p i l o t  see ahead o f  him some d is tance where he w i l l  
encounter a p lace where he's going t o  l ose  a l o t  o f  v e l o c i t y .  

A number on a scope t h a t  

Robertson: 
o f  meeting most o f  the  f o l k s  i n  the  room here, and I ' m  c u r r e n t l y  t h e  
manager o f  t he  Weather Radar Engineering Group a t  Co l l i ns .  
an av ion ics  manufacturer, I can say tha t  w i thout  a doubt C o l l i n s  i s  
very committed t o  improving a i r  safety  f o r  our customers and f o r  t he  
t r a v e l i n g  p u b l i c  i n  general . So w i t h  tha t ,  I thank Herb and the  FAA 
group f o r  i n v i t i n g  us t o  be p a r t  o f  th is .  
oppor tun i ty  f o r  everyone here t o  make advances and steps i n  t h i s  
d i r e c t i o n .  
ducing what I'll c a l l  f i r s t  generation Doppler radar f o r  a i rborne  
weather de tec t i on  use. Herb has asked me t o  descr ibe some o f  t he  
experiences we've had in t roduc ing  t h i s  radar i n t o  the  a i r l i n e  se rv i ce  
and the  k i n d  o f  p i t f a l l s  t h a t  might be encountered. So f i r s t  o f  a l l ,  
w e ' l l  descr ibe the  radar and how it works and what some o f  the  p r i n -  
c i p l e s  are, and apply t h i s  t o  both the a i rborne  and ground-based 
scenarios. So, I'll t a l k  about these and where we should be going i n  
the  fu tu re .  There are some new advanced viewgraph holders here t h a t  
a re  a l i t t l e  b i t  harder t o  use than some o f  t he  o l d  ones. 
an idea o f  where we've come i n  the  radar business, C o l l i n s  f i r s t  
marketed the  NPiOi and 103 radars i n  the e a r l y  i950's. 

My name i s  Roy Robertson and I t h i n k  I ' v e  had the  p leasure 

Being from 

I t h i n k  t h i s  i s  a great  

We are a supp l i e r  as we have designed and are now pro- 

To g ive  you 

These were 
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among some of the f i rs t  generation a i r  transport  equipment to  go into 
service. Later on came the WXR80 i n  the l a t e  60 ' s  and early 70 's  and 
i t  was followed by our product l ine  of general aviation equipment. By 
the mid-l970's, magnetron-based techno1 ogy had somewhat leveled off .  
New capabi l i t ies  that  were being introduced a t  t ha t  time primarily 
cen- tered around the displays, and the color tubes and the f l a t  plate  
antennas. So, i n  l a t e  1975, Collins began design studies to  determine 
the concept for  new advanced a i r  transport  weather radar. The objec- 
tive of this new radar design was to  do, f irst  of a l l ,  a be t te r  job of 
precipitation detection than could be done w i t h  the analog se t .  
Also, i t  captured some of the new digi ta l  technology tha t  could elimi- 
nate a l o t  of variations and ef fec ts  t ha t  were present, and could a l so  
do a better job of digital  signal processing. Probably the most 
important woul d be t o  extend the capabi 1 i ty beyond the conventional 
status;  t ha t  includes the Doppler processing. In 1980, the WXR7OO was 
introduced. 
previous analog equipment and included as probably the most important 
step,  moving to  a solid s t a t e  transmitter. T h i s  i s  quite a dras t ic  
change. 
mitter output for  X-band and 200 fo r  C-band. T h i s  i s  quite a dras t ic  
step compared t o  the radar we were replacing a t  50 t o  60,000 watt 
transmitter output power. T h i s  new radar was designed, and does i n  
f a c t  provide vir tual ly  equivalent performance to  the older se t .  T h i s  
was the f i r s t  radar tha t  embodied a to ta l ly  coherent processing 
scheme, which  means tha t  the transmit screen and the receiving screen 
were hooked to  a single crystal osc i l la tor .  
phase angle of the weather echos a l l  the way through. Digital signal 
processing techniques were used to  the maximum extent possible. I t ,  
of course, incorporated color display and f l a t  plate  antennas tha t  had 
been introduced w i t h  other systems a t  tha t  time period. In addition, 
new capabil i t i e s  were added which included Doppl e r  turbulence detec- 
tion and ground c lu t t e r  suppression. The primary purpose of Doppler 
turbulence detection was to  detect and identify thunderstorm-related 
turbulence. 
crew members a bet ter  view of what type of turbulence and other 
hazards would be encountered en route. T h i s  was based on much of the 
work done by NSSL (National Severe Storms Laboratory i n  Norman, 
Oklahoma), i n  the early 70's related to  thunderstorm and encountered 
turbulence w i t h  radar measurement. Doppler turbulence detection does 
the measurement by actually calculating the velocity variance of the 
return echo along the beam axis. Like I said ea r l i e r ,  this is  based 
on a l o t  of the work that  was done by Gene Lee and others a t  NSSL. 
The related measured velocity variance as seen by the radar s e t  d i d  
actually encounter a i  r c r a f t  t u r b u l  ence. 
6-meter-per- second vel oci t y  variance coul d roughly be equi Val en t  t o  
half a G turbulence a i r c r a f t  acceleration and was the boundary of 
moderate turbulence. You s t a r t  t o  see food t rays  being tipped over, 
and things like this. Twelve meters per second re la tes  t o  about one G 
of a i r c ra f t  acceleration, and this is  the point where there is  a 
possibil i ty of structural  damage. Turbulence detection is  performed 
by doing a spectral w i d t h  estimate a t  each discrete  range along the 
radar beam. T h i s  is  done us ing  a pulse-pair process tha t  keeps a 
continuous r u n n i n g  estimate as the antenna beam scans through the 
storm volume. And due to  the h i g h  interrogation ra te  required t o  keep 
the pul se-pai r process running and the spectral w i d t h  estimate 

T h i s  radar represented a number of advances over the 

The solid s t a t e  transmitter has roughly 100 watts of trans- 

I t  does preserve the 

I t  primarily tended to  an en route avoidance tool t o  give 

Thei r f i ndi  ngs showed tha t  a 
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running, t h i s  has a 50 m i l e  range l i m i t ,  which i s  more than adequate 
f o r  t he  type  o f  t h i n g  we' re  l ook ing  at .  But f o r  long-range p lann ing  
purposes, i t  would be n i c e  t o  have i t  a l i t t l e  b i t  longer. The 
turbulence d i  spl  ay i s  then compared against  t h e  5-meter-per-second 
threshold,  which i s  some guardband against  the 6-meter-per-second 
boundary. It i s  then displayed and o v e r l a i d  on top o f  the t r a d i t i o n a l  
p r e c i p i t a t i o n  d isp lay .  The p i l o t  has a complete view o f  both the  
r a i n f a l l  i n t e n s i t y  and the turbulence t h a t  i s  being encountered i n  
t h a t  and can make decis ions accordingly. To g i ve  you an idea what 
s o r t  o f  t y p i c a l  v e l o c i t y  var iance might be encountered f o r  the var ious  
ta rge ts ,  over here on the l e f t -hand  side ground r e t u r n s  e x h i b i t  t he  
v e l o c i t y  var iance genera l l y  below 3/4 o f  a meter pe r  second. Weather 
re tu rns ,  on t h e  o the r  hand, because they are d i s t r i b u t i v e  t a r g e t s  
r a t h e r  than p o i n t  sources, e x h i b i t  v e l o c i t y  var iance w i t h  a lower 
bound o f  3/4 o f  a meter per  second extending on up w i t h  5-meter-per- 
second o r  g rea te r  being de f ined as t u r b u l e n t  weather. Another way t o  
view t h i s  i s  t a k i n g  a l a r g e  number o f  v e l o c i t y  samples i n  a p a r t i c u l a r  
storm vol  ume, w i  t h  these samples represent ing a w i  de spectrum w i  d t h  
t h a t  i s  considered t o  be t u r b u l e n t  because the  narrow spectrum w id th  
i s  considered t o  be nonturbulent,  such as a q u i e t  r a i n  storm would n o t  
be showing much v e l o c i t y  variance. What i s  the opera t iona l  s i g n i f i -  
cance o f  the turbulence de tec t ion? R a i n f a l l  r a t e  by i t s e l f  i s  
genera l l y  n o t  a hazard t o  a v i a t i o n  unless i t  i s  very intense, a t  which 
p o i n t  i t  can begin t o  a f f e c t  the a i r c r a f t .  
avoidance by f l i g h t  crews i s  based on a number o f  i n d i r e c t  r u l e s  and 
measures t h a t  have been p u t  together  over l ong  years o f  experience i n  
actual  f l i g h t .  These inc lude  c e l l  i n t e n s i t y ,  c e l l  shape and gradient,  
o the r  k inds  o f  i n d i r e c t  cues t h a t  may a l e r t  the crew members t o  some 
form o f  hazard i n  t h a t  storm c e l l .  Given these cues, t he re  s t i l l  are 
many cases t h a t  can escape the crew's a t t e n t i o n ,  such as i c e  c r y s t a l s  
a t  h igher  a l t i t u d e s  where the  r e f l e c t i v i t y  i s  very low, low a l t i t u d e  
and low r a i n f a l l  r a t e s  where there  may n o t  be any d i s t i n g u i s h i n g  
fea tures ,  and i n  the  e a r l y  stages o f  thunderstorm development where 
the re  may be a g rea t  deal o f  convective a c t i v i t y ,  b u t  y e t  t he  d r o p l e t  
s i z e  i s  too  small t o  produce a s t rong radar echo. 

Cur ren t l y  weather c e l l  

Th is  viewgraph i s  a weather radar d isp lay  and the  WX mode i n d i c a t e s  i t  
i s  work ing i n  the weather on ly  mode, which means i t  i s  on ly  measuring 
p r e c i p i t a t i o n  ra te .  Th is  i s  showing a 20-mile se lec ted  range with t h e  
nose o f  the a i r c r a f t  l o c a t e d  a t  the apex o f  t he  d i sp lay .  The o the r  
range c i r c l e  represents 20 m i l e s  from the  a i r c r a f t .  O f f  t o  t he  l e f t  
i s  a well-developed thunderstorm and i s  showing l i g h t ,  moderate, and 
heavy p r e c i p i t a t i o n .  As you can see, t he re  are o the r  imbedded cores 
i n  t h i s  area. T h i s  would be avoided by v i r t u a l l y  a l l  a i r l i n e  p i l o t s .  
On the  r igh t -hand s ide  i s  a broad d i s t r i b u t e d  area o f  low- leve l  pre- 
c i p i t a t i o n .  Th is  i s  n o t  showing any c h a r a c t e r i s t i c  s igna ls  would 
t r i g g e r  danger i n  the  p i l o t ' s  mind. This nex t  viewgraph i s  t h e  same 
storm system, b u t  w i t h  turbulence de tec t ion  engaged. As you can see, 
where you would t r a d i t i o n a l l y  expect t o  see turbulence, t he re  i s  none, 
and over here i n  the  l i g h t  r a i n ,  you can see a g rea t  deal o f  turbu- 
lence being displayed. 
v i c i n i t y  w i t h o u t  t h i s  informat ion,  any crew member woul d n o t  hes i  t a t e  
t o  j u s t  go on and land. But, he would wonder when he go t  i n  why he 
dumped a l l  t h e  food t r a y s  and shook up the  passengers. 

I f  the re  were an a i r p o r t  l oca ted  i n  t h a t  
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Un iden t i f i ed :  You mean t h i s  i s  actua l  data? 

Robertson: This i s  actua l  data. 

(Two simultaneous quest ions) 

Robertson : 
the re  was turbulence loca ted  i n  t h i s  area, i t  would be w r i t t e n  over 
the  highest i n t e n s i t y  r a i n f a l l .  So, t h e  turbulence takes p r i o r i t y  
over any other  l e v e l .  We have found t h i s  t o  be the  case i n  many 
instances; t h i s  i s  not  an i s o l a t e d  case where we f i n d  turbulence 
disassociated from heavy ra in .  I can g i ve  one example: I was 
personal ly  on an engineer ing f l i g h t  t e s t  i n  1982 and the re  was a 
weather system t h a t  covered roughly two s ta tes  o f  j u s t  f r e e z i n g  
d r i z z l e  over i n  Nebraska and Iowa. We were f l y i n g  along i n  a 
Gul fstream and p a i n t i n g  ground re tu rns  because t h e r e  r e a l l y  wasn ' t 
much else t o  look at ,  j u s t  d r i z z l e  embedded i n  ground returns.  We saw 
a very l a r g e  area o f  turbulence f o l l o w i n g  t h e  ground r e t u r n  c i r c l e  i n  
f r o n t  of the a i r c r a f t .  We were a t  25,000 f e e t .  Th is  went on f o r  
q u i t e  a whi le,  and we thought, w i t h  t h i s  being an engineer ing t e s t ,  i t  
might be some k i n d  o f  weird i n t e r a c t i o n  between t h e  ground and the  
l i g h t  r a i n  t h a t  was causing t h e  f a l s e  turbulence alarm. 
b e t t e r  look a t  it, we brought the a i r c r a f t  back around, descended t o  
11,000 feet and came out again, and sure enough, the  turbulence was 
t h e r e  on the d isp lay.  I n  process o f  maneuvering and communicating 
w i t h  our t r a f f i c ,  we discovered t h a t  Omaha's Eppley A i r f i e l d ,  which 
was i n  our f l i g h t  path, had been exper iencing h igh  surface winds, low- 
l e v e l  wind shear, and they had j u s t  c losed the  a i r p o r t .  So, we had 
been seeing t h i s  f o r  about twenty minutes. 

The d i  sp l  ay co l  o rs  are p r i  o r i  t i  zed. I f ,  f o r  example, 

So, t o  get a 

Un iden t i f i ed :  Is t h i s  a p i c t u r e  a t  c r u i s e  a l t i t u d e ?  

Robertson: This was taken from the ground. This  number down i n  the  
corner i s  antenna t i l t  showing a degree and a quar te r  up. There have 
been other instances; these are very d i f f i c u l t  t o  capture because 
normally when you'  r e  r i d i n g ,  you don ' t  have data recordings a1 ong, b u t  
I was r i d i n g  on a s i m i l a r  approach i n t o  San Francisco, when it was a 
ra iny,  cold, d r i z z l y  day, and we saw turbulence bu r ied  i n  the  ground 
c l u t t e r  and the re  was a very rough r i d e  the l a s t  1500 fee t ;  we had a 
36-knot sur face wind. The p i l o t  was doing a great j o b  t o  get i t  on 
t h e  ground. We' l l  come back t o  t h i s  i n  a l i t t l e  b i t .  

The next capabi 1 i ty  t h a t  comes a1 ong w i t h  Doppler turbulence d e t e c t i o n  
i s  t h a t  o f  ground c l u t t e r  detect ion.  Because o f  t he  low s c i n t i l l a t i o n  
frequencies of ground c l u t t e r  as compared t o  weather targets ,  we 
u t i l i z e d  an ampli tude process, which makes use o f  ampli tude variances, 
as opposed t o  phase variances. There i s  a s t rong c o r r e l a t i o n  between 
t h e  two, and for  ground c l u t t e r ,  i t  works much b e t t e r .  So, t h e  
threshold i s  now compared against  three-quar ters  of a meter per 
second, and removed from the  d isp lay.  This on l y  a f f e c t s  the  p r e c i p i -  
t a t i o n  d isp lay,  as un fo r tuna te l y  as much as we would l i k e ,  it does not  
uncontami nate the Doppler turbulence s i  gnal . 
With our ai rborne Doppler radar, we had so much fun i n  the  l a b  f i n d i n g  
out  where a l l  the tornadoes were and everyth ing l i k e  tha t ,  t h a t  we 
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decided t h a t  t he re  may be a market f o r  a ground-based vers ion o f  t h i s  
k i n d  o f  p r o j e c t .  
antenna, took our a i rborne  system and put  i t  on the  ground. This i s  a 
view of t he  storm system t h a t  came through Cedar Rapids i n  the  sp r ing  
o f  l a s t  year, 1984. This  i s  where the radar  s i t e  i s  loca ted  a t  our 
l a b  i n  Cedar Rapids, Iowa. 
surrounding t h e  s i t e .  Th is  i s  a storm t h a t  came through, as we can see 
a storm f r o n t  going through about t o  cover Cedar Rapids. I was g i v i n g  
t h i s  p resenta t ion  t o  a ham c lub  i n  town and one o f  t he  guys came up 
af terwards and wanted copies o f  t h e  s l ides .  He sa id  t h a t  t h i s  storm 
a t  the  t ime we had ind i ca ted  had blown h i s  b ro the r ' s  t r a i l e r  over. He 
l i v e d  i n  a t r a i l e r  cou r t  t h a t  was located under t h i s  pink-magenta 
area. So, I t h i n k  t h a t  t h i s  storm represented a hazard t o  a v i a t i o n  i f  
it was t i p p i n g  over s e m i - t r a i l e r s  and mobi le  homes. This  again gives a 
l i t t l e  d i f f e r e n t  c o l o r  scheme. This i s  l i g h t ,  moderate and heavy 
p r e c i p i t a t i o n ,  w i th  t h e  magenta showing t h e  detected turbulence o f  
g rea te r  than 5 m/s. So, as t h e  antenna i s  sweeping around, the range 
c e l l s  t h a t  are showing t h i s  weather are d i s p l a y i n g  a spectrum w id th  of 
below 5 meters per second and those range b ins  t h a t  are encountered i n  
t h e  turbulence area are showing a v e l o c i t y  var iance grea ter  than 5 
meters per second. The ground targets ,  even though they are very 
s t rong and showing l e v e l  3 re turns,  we would expect them t o  s t i l l  have 
a low-1 eve1 ve l  o c i  t y  v a r i  ance . 

So, we d i d  design a new d i sp lay  f o r  i t  and a new 

This i s  the ground c l u t t e r  p a t t e r n  

U n i d e n t i f i e d :  For us non-radar guys, when you say a v e l o c i t y  
variance, are you t a l k i n g  about between c e l l s ?  

Robertson : 
each range loca t i on ,  each range volume; the re  i s  no connection. 
a comparison, i f  the re  i s  a range gate l oca ted  here, i t ' s  a comparison 
o f  t he  v e l o c i t i e s  i n  that  range gate i t s e l f ,  over a l a r g e  number o f  
i n te r roga t ions ,  so the  dwel l  t ime i s  s u f f i c i e n t  i f  the re  i s  an inde- 
pendent est imate done a t  each i n d i v i d u a l  range. I t ' s  a spectrum w i t h i n  
t h a t  d i  sc re te  range. 

No, the  vel o c i  t y  v a r i  ance i s  computed independent ly a t  
I t ' s  

Pagels: Now,. when you say variance, do you mean standard dev ia t i on?  

Robertson: Yes, i t ' s  1 sigma. 

Hi ldebrand: Yes, but  once contaminated w i t h  ground c l u t t e r ,  and your  
ground c l u t t e r  has a small variance, i s n ' t  t h a t  superimposed, so how 
do you determine your var iance there? It would be very small because 
o f  t he  s t rong s igna l  returned. 

Robertson: We do not  have an answer, 
and t h a t ' s  what Leo's research i s  intended t o  get a f t e r .  I f  you have 
a weak weather s ignal  t h a t  i s  r i d i n g  on top  o f  a very s t rong ground 
c l u t t e r  s igna l ,  i t  w i l l  reduce the  variance, exac t l y  l i k e  you ' re  
saying . 

That i s  exac t l y  t h e  problem. 

Hi ldebrand: 
work, I don ' t  know t h a t  you can measure t h e  v e l o c i t y  r i g h t  i n  close. 
How c lose  i n  can you measure v e l o c i t y  i n  l i g h t  ta rge ts ,  o r  do you have 
t o  be ou ts ide  t h e  c l u t t e r ?  

One o f  t he  ways t h a t  I be l i eve  the  radars out a t  NCAR 
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Robertson: 
t r a v e l  t ime f o r  your TR switch.  

It doesn' t  have as much o f  a f u n c t i o n  on a l i g h t  t a r g e t  as 

Hildebrand: You mean the re ' s  no c l u t t e r  r e j e c t i o n  on the  radar? 

Robertson: 
than the weather ta rge t ,  you are unable t o  r e a l l y  get a good est imate 
o f  it, i s  t h a t  t rue?  

I f  you have a h igh  c l u t t e r ,  c l u t t e r  i s  h igher  i n  ampl i tude 

Hildebrand: 
i s  a ser ious problem, and I had t o  throw out a l o t  o f  ground-based 
radar  data when I sent i n  the  analys is .  

Yes, we get back i n t o  Leo's problem t h a t  ground c l u t t e r  

Robertson: OK, t h a t ' s  one o f  the  problems we are fac ing.  I'll show 
you t h i s  p i c t u r e  here, t he  next photograph. When we were developing 
ground c l u t t e r  suppression, i t  was i n  an a i rborne  p la t fo rm;  we d i d  
v i r t u a l l y  a l l  our development work i n  a l abo ra to ry  s e t t i n g  and i n  
a i r c r a f t .  It was a rea l  b a t t l e  t o  get ground c l u t t e r  suppression t o  
work on a moving p la t form,  and we f i n a l l y  got i t  t o  work where we 
thought i t  worked very we l l  i n  the  a i r  and we were amazed when we 
t r i e d  i t  out on the  ground. One o f  these d isp lays  i s  w i t h  ground 
c l u t t e r  suppressed, the  o ther  i s  f o r  no suppression. 
ground c l u t t e r  i n  the d isp lay ,  one o r  two steps l a t e r ,  t he  ground 
c l u t t e r  suppression was ac t iva ted .  
radar  set t h a t  a l lows you t o  a c t i v a t e  it, then remove the  ground 
c l u t t e r  and watch the  weather. 

Th is  i s  w i t h  

There i s  an on /o f f  bu t ton  on t h e  

Un iden t i f i ed :  What happens when the  weather gets r i g h t  near the 
radar? 

Robertson: It makes a dec is ion  based on the  s t rongest  t a rge t .  I f  
t h i s  weather system was l y i n g  r i g h t  over the  top  o f  Cedar Rapids, i f  
the  weather were the s t ronger  ta rge t ,  i t  would be i d e n t i f i e d  as 
weather and l e f t  in .  I f  the  ground were the  s t ronger  ta rge t ,  it would 
be i d e n t i f i e d .  What i t  tu rns  out i s  t h a t  ground i s  made up o f  a 
se r ies  o f  s t rong poi  n t  r e f  1 e c t i  ons, towers, bu i  1 dings, t h i  ngs 1 i ke 
t h a t ,  and those w i l l  show up as holes i n  the  r a i n f a l l ,  so i f  they are 
stronger than the  weather echo, i t  w i l l  recognize the  c h a r a c t e r i s t i c s  
o f  t he  dominant t a r g e t  a t  any given spot. 
bu t  t h i s  f u n c t i o n  a lso  works airborne. This i s  t he  same implementa- 
t i o n  tha t  we d i d  i n  the  a i r ,  and we got i t  t o  work p r e t t y  we l l  i n  t he  
a i r ,  and i t  worked much b e t t e r  on the  ground. 
problem i s  f a r  s impler  t o  so lve than the  a i rborne  problem, and t h a t ' s  
one of the  po in ts  I ' m  making. 

Staton: 
extends 4 o r  5 mi les.  

This  i s  ground-based radar, 

The ground-based 

It might be o f  i n t e r e s t  t o  note t h a t  t he  ground c l u t t e r  

Robertson: 
from an a i rp lane  t o  t r y  t o  de tec t  microbursts  i n  t h i s  range. 
tough one. I f  you take t h i s  radar and r a i s e  i t  on a p l a t f o r m  a 
thousand feet  above the  ground, t h i s  ground c l u t t e r  c i r c l e  j u s t  
mushrooms. Antenna pa t te rn  i s  everyth ing,  but  s t i l l  t r y i n g  t o  f i n d  
very l i g h t  r e f l e c t o r s  t h a t  are r i d i n g  on top  o f  a 40 o r  50 dBZ ground 
t a r g e t  i s  going t o  be tough. 

Yes, so, t h i s  i s  r e a l l y  t he  k i n d  o f  environment y o u ' l l  see 
I t ' s  a 
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This  next viewgraph shows another storm system. 
recognize t h i s  ground c l u t t e r  p a t t e r n  a f t e r  a whi le.  This i s  another 
storm t h a t  passed through Cedar Rapids, and i t ' s  showing a great deal 
o f  turbulence loca ted  over p r i m a r i l y  an area near the  small town o f  
A lburnet t ,  Iowa. And I have another p i c t u r e  o f  t h e  same weather. The 
th resho ld  was set  a t  9 meters per second. On t h e  ground-based system 
we can a d j u s t  t h e  s e n s i t i v i t y ,  ad jus t  t h e  th resho ld  so i t  d isp lays  
only  t h e  most severe turbulence. This i s  set  a t  9 meters per second, 
and a t  l e f t  t h e  photograph was 5, so you can see by a d j u s t i n g  t h e  
th resho ld  you can gauge the  s e v e r i t y  o f  t h e  turbulence t h a t  i s  i n  t h e  
storm, 
data l i n k  t h a t  works i n  the  next o f f i c e  t o  mine, who was standing on 
h i s  back porch and a t  t h e  t ime t h i s  photograph was taken, the  sky was 
j u s t  t o t a l l y  black. The wind came up out o f  nowhere, blew down a 
barn, a garage, and k i l l e d  two of  h i s  horses. So, I have another 
recorded event t h a t  I can guarantee t o  be a hazard t o  a v i a t i o n  t h a t  i s  
being picked up by t h i s  radar. S o ,  t h i s  i s  t h e  k i n d  o f  data t h a t  i s  
a v a i l a b l e  i n  the  present day system, t h a t ' s  no t  a v a i l a b l e  w i t h  most of  
t h e  radars t h a t  are f l y i n g .  

Again, you get t o  

I n  t h i s  p a r t i c u l a r  storm, there i s  a f e l l o w  manager o f  our 

Un ident i f ied :  
a i  rborne WXR-700? 

I s  the  turbulence adjustment a v i a b l e  o p t i o n  on an 

Robertson: 
d e s i r a b l e  t o  do. 
p r o p e r t i e s  o f  a var iance d isp lay  i s  t h a t  it i s  e i t h e r  there  or  i t ' s  
not, and i f  i t ' s  there  you should stay away from it. 
simple dec is ion t o  make. 
want t h a t  th resho ld  t o  be set.  We use t h e  same antenna f o r  both 
ground and airborne, a 30-inch f l a t  p l a t e  antenna. Nothing prevents 
us from using a l a r g e r  antenna, but  we decided t o  work w i t h  t h e  
30-inch antenna. The range i s  50 m i l e s  i n  t h e  turbulence mode. This 
i s  a 200-watt radar a t  peak power. This pu lse length  uses, i n  t h i s  
case, about 6 microseconds, about a mile, a l i t t l e  over a k i lometer .  

Well, it could be done, but I don' t  r e a l l y  t h i n k  i t ' s  
As you can see, t h e  dec is ion i s  t h a t  one o f  t h e  

I t ' s  a very 
You design i n t o  t h a t  equipment where you 

C r a b i l l :  D id  -you do some comparison t e s t s  using the  S-band Dopplers? 

Robertson: 
minat ion t h a t  what we were showing was reasonable. 
d isp lay,  t h e r e ' s  q u i t e  an enormous d i f fe rence between t h e i  r S-band, 
p a r t i c u l a r l y  i n  pulse volume and beam width as compared t o  our pulse 
volume and beam width, I n  the areas where our system was operated, 
there  were ground-based and a i rborne t e s t s  t h a t  were done, and they 
show that.,.where our system i s  showing turbulence, t h a t  t h e r e  i s  a lso 
var iance being d isp layed i n  t h e  S-band Doppler. 

C r a b i l l :  

Yes, we did. The r e s u l t s  were a r a t h e r  sub jec t ive  deter-  
I n  t h e i r  var iance 

Was there  ever a repor t  from t h i s ?  

Schlickenmaier: Yes, there  was, Norm, and I can get you a copy o f  it. 

Robertson: The antenna i s  mounted about 50 o r  60 f e e t  above t h e  
ground l e v e l  here, and t h e  antenna e leva t ion  i n  t h i s  case i s  about 
l e v e l  . 
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Bowles: 
second moment i s  turbulence and given t h a t  the  atmosphere doesn ' t  
separate i t s e l f  very c l e a r l y  i n  terms o f  what's wind shear, a change 
i n  the f i r s t  moment, and what i s  turbulence? Could we be t a l k i n g  
about s imi  1 a r  t h i  ngs here? 

Robertson: Absolutely.  I t ' s  an impor tant  quest ion,  and i t ' s  a p o i n t  
t h a t  people get hung up on, bu t  i t ' s  got t o  do w i t h  the  scale o f  
turbulence: 
shear from day t o  day, a small one might be from minute t o  minute. 

Do you agree t h a t  t he  f i r s t  moment i s  mean wind and the  

a b i g  sca le t u r b u l e n t  eddy might be seen as a v e l o c i t y  

Bowles: 
on what i s  wind shear and turbulence, from an opera t iona l ,  a v i a t i o n  
p o i n t  o f  view. 

Robertson: And Doppler people w i l l  g i ve  you another set  o f  d e f i n i -  
t i ons ,  because t h e i r  l i n e s  have t o  do w i t h  pu lse l i n e s ,  which t o  
someone f l y ing  a i rp lanes  doesn' t  make a whole l o t  o f  d i f fe rence.  
t h a t ' s  why I t h i n k  the  i n teg ra ted  d i s p l a y  t h a t  you want t o  end up w i th  
has go t  both gate-to-gate shear and turbulence e f f e c t s  going together .  

Un ident i f ied :  
100 m, you wouldn' t  be able t o  measure turbulence? 

Right;  we know t h a t  we have not  r e a l l y  put good d e f i n i t i o n s  

And 

Couldn' t  we argue t h a t  i f  you had a r e s o l u t i o n  o f  say, 

Robertson: No, not a l l .  

Un iden t i f i ed :  
i n  order t o  measure turbulence. 

That ' s  why he's got t o  have a wide, coarse r e s o l u t i o n  

Staton: No, the  turbulence i s  i n  the  100-m c e l l .  Yes, bu t  much less  
than what's i n  a k i lometer .  

Robertson: 
f o r  that ,  because he has a t u r b u l e n t  cascade o f  energy and can scale 
p roper ly  and s t i l l  measure it. 

I f  he knows the  scale o f  the  pulse l i n e ,  he can c a l i b r a t e  

Un iden t i f i ed :  
your  l o c a l  o s c i l l a t o r  i s .  You know, i f  you get t he  r e s o l u t i o n  smal l  
enough, you won't be able t o  t e l l  o f  any turbulence anyway. 
bigger your  r e s o l u t i o n  c e l l ,  t h a t  i s ,  t he  lower your  reso lu t i on ,  t h e  
eas ier  it i s  because the  v a r i a t i o n  i s  so much l a r g e r  i n  a k i l omete r  
than i n  a t e n t h  o f  a k i lometer .  

Well, you know t h e r e ' s  a l i m i t ,  depending on how s t a b l e  

The 

Un iden t i f i ed :  Yes, but  on a scale o f  some tens o f  meters, t he  
tu rbu len t  v e l o c i t i e s  can change by some 50 o r  60 meters per second. 

Un ident i f ied :  You mean the  v e l o c i t y  changes by 60 m/s i n  a hundred 
met e r s ? 

Un iden t i f i ed :  
v e l o c i t i e s  o f  t h a t  magnitude. There i s  a power law fo r  t he  d i s t r i b u -  
t i o n  of t h i s  s t u f f .  We can m u l t i p l y  and b r i n g  it up. 
a l l  scales. 

Yes, an a i rp lane,  a t  t h a t  scale, has measured t u r b u l e n t  

I t ' s  t he re  a t  
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Un iden t i f i ed :  
h i g h l y  s t a b l e  frequency reference i n  order t o  measure a very small 
Doppler s h i f t .  
want t o  measure turbulence, maybe the  r e s o l u t i o n  i s n ' t  q u i t e  as 
impor tant .  

Yes, but  t he  problem i s  t h a t  you have t o  have a very 

And t h a t  makes the t h i n g  more expensive. So, i f  you 

Robertson: 
l e a r n  about t h e  physics of t he  storm system, o r  whether o r  not t h e r e ' s  
a hazard there.  

That gets back t o  the  quest ion o f  whether we're t r y i n g  t o  

There's a b i g  d i f fe rence.  

Robertson: 
t h i s  up t o  i l l u s t r a t e  how we've seen turbulence and pa t te rns  where it 
might f a l l .  The antenna i s  f i x e d  and i s  s l i c i n g  down i n  t h i s  
d i r e c t i o n  a t  a f i x e d  azimuth angle and we are scanning v e r t i c a l l y  and 
producing t h i s  turbulence. And, as you can see i n  t h i s  case, t h e  
tu rbu lence i s  accompanying the  heaviest r a i n  sha f t  i n  the  storm. This  
f a l l s  i n t o  l i n e  w i t h  the  d e f i n i t i o n  o f  t he  mechanisms t h a t  c rea te  
tu rbu lence i n  some o f  t he  NSSL work, where you have boundary l aye rs  
between the  d i f f e r e n t  r a i n f a l l s  and downdrafts. We have, on the  o the r  
hand, seen laye rs  where an RH (range-height)  scan w i l l  show a re la -  
t i v e l y  constant f l a t  l a y e r  o f  turbulence t h a t  extends h o r i z o n t a l l y ,  
no t  a t  t he  sur face l e v e l ,  bu t  it may be a few thousand f e e t  above the  
ground, maybe tens o f  m i les  long. We've a lso  seen areas where t h e  
turbulence may be appearing by i t s e l f - - f o r  example, t he re  might be a 
small patch of turbulence t h a t  shows some hor i zon ta l  o r  v e r t i c a l  
extent ,  but  i t ' s  j u s t  i s o l a t e d  out there by i t s e l f .  Th is  can detect  
turbulence somewhat below t h e  green d isp lay  l e v e l .  The green i s  
c a l i b r a t e d  a t  20 dBZ, so i n  c lose  i t ' s  more s e n s i t i v e  than the  prec ip  
l e v e l  . 
t h a t  w i t h i n  a few minutes, say l ess  than 5, i t ' s  developed i n t o  a 
thunderstorm. 
see a small area o f  turbulence, maybe 10 mi les  i n  f r o n t  o f  t he  
a i r c r a f t .  
t he  t ime the  a i r c r a f t  went around it, it was a well-developed 
thunderstorm. 

This i s  a v e r t i c a l  s l i c e  o f  another storm and I j u s t  pu t  

So, what's happened wi th these i s o l a t e d  areas o f  turbulence i s  

We have seen t h i s  a c t u a l l y  from an a i r c r a f t ,  where we 

As we approached it, we began t o  see green around it; by 

So, one o f  t he  roo t  quest ions when t r y i n g  t o  address the  wind shear 
s i t u a t i o n  i s :  How f a r  can e x i s t i n g  turbulence de tec t i on  be appl ied? 
O r i g i n a l l y ,  it was designed t o  do one job,  thunderstorm avoidance, but  
our experience s ince t h i s  t ime has shown us t h a t  we be l i eve  i t  can be 
app l i ed  t o  many more s i t ua t i ons .  It i s  not  an end-a l l  so lu t i on ,  i t  
does not  de tec t  dry  microbursts  i n  Denver, it s t i l l  has t o  have 
s i g n i f i c a n t  r e f l e c t i v i t y .  But, we be l ieve  t h a t  t he re  are a s i g n i f i -  
cant number o f  these events, o f  a l l  types, t h a t  do conta in  enough 
r e f l e c t i v i t y  and do show enough variance as measured by radar t o  
t r i  gger a warning d i  sp l  ay. 

Un iden t i f i ed :  Could you put  a number on t h a t  r e f l e c t i v i t y  l e v e l ?  

Robertson: A t  a couple o f  mi les,  i t  might be down i n  t h e  maybe i o  dBZ 
range; t h a t ' s  p lus  10. 
10, bu t  they are not  a l l  minus 10; some o f  the  acc idents  have been 
embedded i n  r a i n  so heavy t h a t  you had t o  shovel i t  out o f  t he  way. 

It may be t r u e  t h a t  t he  weakest case i s  minus 
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Where are  t h e  l i m i t s  and where are t h e  percentages o f  events t h a t  
would be picked up? We b e l i e v e  the re  are some, b u t  we d o n ' t  know what 
t h a t  i s .  

Bowles: 
d e f i n i t i o n  t o  what they consider.. . r a t h e r  than t o  leave i t  t o  the  
d i s c r e t i o n  of.. . 

I would encourage the radar  community t o  t ry t o  p u t  a 

Staton: Minus 10 i s  p r e t t y  dry. 

Robertson: I ' v e  heard r e p o r t s  t h a t  even what 's considered t o  be c l e a r  
a i r ,  but  may con ta in  i nsec ts  o r  suspended d r o p l e t s  t h a t  weren ' t  f u l l y  
evaporated, i s  showing r e f l e c t i v i t y  i n  the 5-to-10-dBZ range i n  t h e  
ou t f low range, and people d o n ' t  know necessar i l y  why, b u t  t h e y ' r e  
showing these r e f l e c t i v i t i e s .  

Staton: It doesn ' t  r e a l l y  mean anything, b u t  i f  you take the  standard 
formula t h a t  r e l a t e s  r a i n f a l l  r a t e  t o  Z, i t  means no th ing  down i n  t h i s  
region. I f  i t  r a i n s  a t  minus 10 dBZ f o r  Noah's 40 days and 40 n igh ts ,  
then you accumulate only th ree- ten ths  o f  an i n c h  o f  r a i n .  

Robertson: I have a l i t t l e  b i t  more t o  go so I d o n ' t  want t o  dwell  on 
t h i s ,  b u t  t h i s  i s  a very key quest ion i n  our minds from a p r a c t i c a l  
p o i n t  o f  view. 
t o  make the bes t  use o f  what's ava i l ab le ,  and knowing what performance 
c a p a b i l i t y  we have i n  p lace  r i g h t  now i s  very impor tan t  t o  b u i l d  
f u r t h e r  wind shear de tec t i on  schemes. We have roughly 400 o f  these 
turbulence equipped radars i n  se rv i ce  r i g h t  now, and g e t t i n g  the  most 
o u t  o f  these, I t h ink ,  i s  paramount as a f i r s t  step. 

The f i r s t  step towards s o l v i n g  wind shear problems i s  

J u s t  so I can be honest, t o  what Herb asked me t o  do i ns tead  o f  come 
here and g ive  you a sales p i t c h ,  I ' d  l i k e  t o  go back and review where 
we've been w i t h  t h i s  radar. 
number o f  areas and anytime you in t roduce new technology i n t o  a 
marketplace as dynamic as the  a i r l i n e  environment, t he re  are  bound t o  
be some problems, so I ' d  j u s t  l i k e  t o  b r i n g  you up t o  date on the  k i n d  
o f  issues and t h i n g s  t h a t  we run i n t o .  

I t ' s  pushed the  s t a t e  o f  t he  a r t  i n  a 

When we in t roduced the  system, as you migh t  expect, t he  crews had been 
f l y i n g  the black and wh i te  s e t  f o r  25 years and i t ' s  p r e t t y  darn hard 
t o  take away something t h a t  they have grown t o  know and l o v e  over t h e  
years.  So, the f i r s t  t h i n g  t h a t  happens i s  t h a t  we s t a r t  g e t t i n g  a 
l o t  o f  complaints, and oddly enough the complaints were n o t  w i t h  
turbulence de tec t ion ,  we d i d n ' t  have i t  r i g h t  a t  t h e  beginning, b u t  
t h i s  c a r r i e d  through t o  when we d i d  have turbulence de tec t ion .  The 
problems were n o t  w i t h  turbulence de tec t ion ,  they were w i t h  the bas ic  
radar func t ions .  
in te r fe rence,  t h a t ' s  where two radars shine i n t o  each o t h e r ' s  
antennas, and t h a t  produces an un for tunate  b u t  t a r g e t - l i k e  character-  
i s t i c ,  and i t  makes the  radar sometimes show what they c a l l  f a l s e  
ta rge ts  and they the re fo re  l o s e  confidence i n  the system. So, as a 
r e s u l t  of t he  problems w i t h  the  bas ic  radar  p r e c i p  de tec t ion ,  the 
benef i t s  of turbulence de tec t i on  were no t  r e a l i z e d  i n  the  beginning. 

So, a compl ica t ing  f a c t o r  was t h a t  a l i e n  radar  
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Unless they can t r u s t  the s e t  i n  t r a d i t i o n a l  terms, they are n o t  
w i l l i n g  t o  use i t  i n  anything beyond those.. .they are no t  w i l l  fng t o  
understand turbulence o r  l e a r n  how t o  use it. 

U n i d e n t i f i e d :  Are there  disadvantages t o  the newer sets? 

Robertson: These new radars are a l o t  more s tab le ,  frequency-wise, 
than t h e  o l d e r  sets.  There i s  a l o t  o f  immunity gained j u s t  by the  
f a c t  t h a t  t he  o l d  ones were a l l  a t  a l i t t l e  b i t  d i f f e r e n t  frequency, 
working on d i f f e r e n t  PRFs. These new ones are a l l ,  un fo r tuna te l y ,  
r i g h t  on the  same frequency, both RF-wise and PRF-wise, and they ge t  
t o  be synchronous a t  times. 

U n i d e n t i f i e d :  There was a problem we seemed 
t o  run across w i t h  the manufacturers..  It was n o t  p a r t i c u l a r l y  germane 
t o  C o l l i n s ,  b u t  I understand Sperry and Bendix ran i n t o  the  same s o r t s  
o f  problems, the  same s o r t s  o f  questions came up. They even tua l l y  p u t  
together  some s o r t  o f  r e s o l u t i o n  o f  the bas ic  r e f l e c t i v i t y  on the  
c o l o r  weather radar.  You cou ld  t a l k  t o  Neal, who always loved h i s  
b lack  and wh i te  monochromatic weather radar, because i t  always worked 
and he always understood how i t  worked. 
used t o  those, t he re  was a f a i r  amount o f  confidence o f  t he  d i g i t a l  
technology t h a t  was produced across the board, t he re ,  was.. . 

I wonder i f  I cou ld  add: 

Most o f  the p i l o t s  who were 

Robertson: Here's something that needs t o  be addressed as an item: we 
increased the  loop gain, which means we made the radar more sens i t i ve .  
We e l im ina ted  a1 i e n  radar in te r fe rence,  and 1 a s t l y ,  we' ve improved the 
d i s p l a y  processing f o r  a b e t t e r  p i c tu re ,  t o  make it eas ie r  t o  i d e n t i f y  
weather from ground. So, our present s i t u a t i o n  with t h e  a i r l i n e s  i s  
t h a t  we have 800 o f  these a i r c r a f t  equipped w i t h  C o l l i n s  radar  
systems, 400 o f  which have turbulence de tec t ion ,  and now t h e i r  basic 
performance i s  meeting the needs o f  the crews. They ' re  happy w i t h  it. 
Many o f  them are t e l l i n g  us t h a t  they p r e f e r  i t  over the  o l d e r  sets. 
And, as a r e s u l t ,  we are now beginning t o  very q u i c k l y  l e a r n  about how 
t o  use Doppler turbulence de tec t ion .  I rode w i t h  a Un i ted  crew the  
o the r  day, and the  cap ta in  was exp la in ing  t h a t  on the  same day as t h e  
D e l t a  crash, he was making an approach i n t o  Cheyenne, Wyoming, and he 
n o t i c e d  these high-based v i r g a  coming a t  him, and he r e a l l y  d i d n ' t  
t h i n k  any th ing  o f  it. One o f  them was i n  h i s  f l i g h t  path, and he was 
going t o  go through it, b u t  h i s  c o p i l o t  wou ldn ' t  l e t  him. And, as 
they came i n t o  range o f  t he  Doppler mode, they saw the  core o f  t h i s  
v i r g a  about 10,000 f e e t  above the ground j u s t  s w e l l i n g  with turbu- 
lence. J u s t  beyond the  range o f  the radar  the re  was another v i r g a  
t h a t  had j u s t  h i t  the ground and was sp lashing and blowing dust out,  
and so here i s  a case o f  de tec t i ng  turbulence i n  the  core o f  a v i r g a  
i n  the  same area where there  i s  a v i s u a l l y  s igh ted  microburst .  

Another crew descr ibed f l y i n g  along a l i n e  o f  thunderstorms and seeing 
turbulence t h a t  was ou ts ide  the  green area, which i s  e n t i r e l y  
poss ib le .  And, he was j u s t  g e t t i n g  pounded, and by searching h i s  
a l t i t u d e  up and down, he f i n a l l y  descended t o  11,000 fee t ,  and found 
h i s  a l t i t u d e  where there  was no turbulence being d isp layed on the  
radar and h i s  r i d e  smoothed out.  And, I can j u s t  go on and on about 
r e p o r t s  t h a t  a re  u n s o l i c i t e d ,  of crews t h a t  a re  l e a r n i n g  t o  use t h i s .  
I t h i n k  that i t  i s  going t o  be a powerful t o o l .  
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So, w h a t  have we learned from introducing a new technology radar i n t o  
the a i r l ine  marketplace? One of the most valuable lessons I t h i n k  i s  
t h a t  the equipment must be proven i n  a user's environment. 
work perfectly well i n  a 25,000-foot, 250-knot airplane, may not work 
a t  40,000 feet  a t  500 knots. There is  a b i g  difference. So, i t  must 
be proven i n  a user's environment. 
have a very poor communication path w i t h  crew members. In many cases, 
the ai r l ines  themselves have poor communication w i t h  the crews. Our 
customer is a i r l i ne  engineers and operation people, and so we're one 
step further removed. As a result  of t h a t ,  feedback as to  how the 
system i s  performing is delayed. 
p a t h  between the a i r l i ne  and ourselves, because they are trying t o  
work their  own problem. So, before we f i n d  something o u t ,  i t  may have 
been continuing on for a year, and may have been aggravated into a b i g  
problem instead of a l i t t l e  problem. 

Another area we found particularly d i f f i cu l t  from a manufacturer's 
point o f  view i s  crew education. We, as a company, cannot t ra in  each 
i n d i v i d u a l  crew member a t  a l l  a i r l ines .  T h a t  has t o  happen through 
the ai rl i nes, through thei r t r a i n i n g  programs. We can provide infor- 
mation, b u t  we can' t  disseminate i t .  
how t o  use the system, and we found t h a t  getting the crews t o  read the 
t h i n g s  is  very d i f f icu l t .  

What may 

Secondly, as a manufacturer, vJe 

A l o t  of time there is not even a 

We've issued p i l o t ' s  guides on 

(Unintelligible question) 

Radar is  very weather and season-sensitive, and i n  December there is 
absolutely n o t h i n g  happening, so a l l  the radars are turned o f f .  There 
i s  no rain i n  this country. B u t  come about  March and April, i t  just 
goes through b i g  cycles, whereas i n  the middle of summer or a f t e r ,  
radars are picking up airplanes and the act ivi ty  is  really peaking. 
So, wha t  I'm saying by this l a s t  statement i s  tha t ,  because we are not 
i n  touch w i t h  the crews direct ly ,  the information has t o  be the aggre- 
gate of a large number of i n d i v i d u a l  reports of crews, and f i n a l l y ,  
the message comes across t o  us. And, before we get these messages or 
feedback as t o  how the radar i s  working, a large time has elapsed. I n  
many cases, i t  may be an en t i re  summer before we ever f i n d  out  what's 
going on. 
We've found that one of the most effective ways t o  circumvent t h i s  is  
t o  get i n  the jumpseat and go f l y  w i t h  the pi lots .  We spent a better 
part o f  the l a s t  12 months i n  the jumpseats learning we can do one-on- 
one training, we can get one-on-one feedback and see the operation of 
the equipment i n  a p i lo t ' s  environment, and see how he uses i t ,  and 
whether or not i t  i s  serving h i s  needs, and right there when he i s  
h a v i n g  problems, and f i n d  what's going  on and see i t .  Because the 
reports, by the time they ever get t o  us, are so diluted and para- 
phrased along the way, that  we spend a l o t  of time looking a t  tabular 
data and f i n d i n g  nothing. 
really don't learn very much. 

The point I'm making  i s  t h a t  there i s  a long time delay. 

So, u n t i l  you get i n  the cockpit, you 

Looking forward, there i s  a major challenge ahead i n  the industry, and 
how do we solve the microbursts or the wind shear problem. And, I 've  
found that this next part of my presentation has already been given i n  
one form or another by vir tual ly  everybody on the floor here. The 
development of any new devices i s  g o i n g  t o  have t o  rely on simulation; 
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t he re  i s  j u s t  no o ther  way. I n  order  t o  develop accurate radar models 
o f  t he  wind shear, which w i l l  a l l ow  look ing  a t  t he  wind shear event 
from an approach angle i n  the  ground c l u t t e r  pa t te rn ,  we must have 
those s imulat ions.  To get something new t o  t ry  out, i t ' s  j u s t  no t  
poss ib le  t o  get i n  an a i rp lane  and go and t ry  it. 

Another p o i n t  t h a t  was made by C l i f f  Hay t h i s  morning was t h a t  t h e  
problem must be def ined so the  so lu t ions  can come incrementa l ly .  I t ' s  
our b e l i e f  t h a t  today the re  i s  a p a r t i a l  s o l u t i o n  and we need t o  l e a r n  
how t o  use i t  i n  the  turbulence detect ion.  But, i f  we wa i t  u n t i l  we 
have the  t o t a l  problem solved, i t  may be 15 years from now. We need 
t o  de f i ne  it so t h a t  w i t h  t h i s  l e v e l  o f  improvement i n  technology, we 
can gain t h i s  much more o f  a percentage o f  a s o l u t i o n  by i nc reas ing  
technology, another step t o  ga in another l e v e l  o f  improvement. I 
don ' t  be l i eve  it w i l l  come a l l  a t  once. R igh t  now, the  in fo rmat ion  i s  
no t  a v a i l a b l e  f o r  us t o  quan t i f y  the e f fec t i veness  o f  any given l e v e l  
o f  technology. The t r a i n i n g  should be t r e a t e d  up f r o n t  as a key p a r t  
o f  the  so lu t ion .  It has t o  be planned f o r  and t r e a t e d  as much as any 
p a r t  o f  t he  development theory.  That i s ,  so t o  speak, where t h e  
rubber meets the road. 
know what i s  going on. The l a s t  i tem here i s  t h a t  the so lu t i ons  have 
t o  be commercially rea l i zed .  
a f f o r d  o r  won't f i t  i n t o  the  a i rp lane,  then it i s  not a so lu t ion .  

Where you get the crews us ing it, they have t o  

I f  i t ' s  something the  a i r l i n e s  can ' t  

Some o f  the  issues l ook ing  ahead: 
d iscuss ion on d isp lay .  
t o  t h e  crew and i t ' s  up t o  the  p i l o t ,  based on h i s  own f l i g h t  r u l e s  
and observat ions,  t o  decide what t o  do. I n  the  case o f  wind shear 
de tec t ion ,  t he  broad data i s  going t o  be very complex. So, whatever 
the  wind shear de tec t i on  system ends up being must reduce i t  down t o  a 
go/no-go type o f  dec is ion.  Turbulence de tec t i on  i s  t h a t  k i n d  of a 
so lu t ion ,  i n  t h a t  i t ' s  t he re  o r  not. I f  i t ' s  there,  you don ' t  f l y  
i n t o  it. 

I t h ink  t h e r e ' s  been a l o t  o f  
Radars have t r a d i t i o n a l l y  presented broad data 

Un iden t i f i ed :  About your threshold,  t h a t ' s  5 m/s, MIS, 1 sigma. 
You're saying t h a t  i f  the  radar ind ica tes  above the  threshold,  you 
don ' t  f l y  i n t o  it, you don ' t  make the  schedule. That 's  a p r e t t y  
powerful statement t o  make, t o  t e l l  t h e  p i l o t  t ha t .  

Un iden t i f i ed :  I f  I were r i d i n g  w i t h  the capta in  on h i s  approach, and 
I saw the  turbulence i n  our f l i g h t  path, I would suggest t o  him t h a t  
he go around. 

Robertson: I don ' t  t h i n k  t h a t  t h a t  i s  a p a r t i c u l a r l y  debatable top i c .  
The a i r l i n e s  make dec is ions where they are going t o  put  thresholds.  
They decide where you ' re  going t o  co lo r  t h e  r e f l e c t i v i t y  red, where 
you ' re  going t o  c o l o r  i t  green, whether you ' re  going t o  c o l o r  it green 
o r  b lue  or any c o l o r  they want. 
some group o f  people i s  going t o  make it. 

And, t h i s  i s  j u s t  another dec is ion,  

Un iden t i f i ed :  
a presentat ion,  where i t ' s  not  an i n t e r p r e t a b l e  quant i t y ;  i t ' s  e i t h e r  
t h e r e  o r  i t ' s  not. 

My p o i n t  was t h a t  i t ' s  an example o f  a go/no-go type o f  
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Uni denti f ied: We coul d write t ha t  into the procedure manual s. 

Robertson: All r i g h t ,  the second bul le t  here, the ver i f icat ion,  i s  
extremely d i f f i cu l t .  How do you know when i t  works, and how do you 
prove tha t  i t  works? In t h i n k i n g  about this question, I contacted our 
f l i g h t  control people and asked them how they ce r t i f i ed  the first  
automatic landing system i n  this country, on the L-1011, and the 
answer I got was quite surprising. They vir tual ly  ce r t i f i ed  the 
automatic landing system based on simulation. They ran roughly ten 
m i l l i o n  simulated automatic landings, over which they exercised the 
performance to  a l l  the different  limits and parameters they could 
t h i n k  of,  for  both a i r c r a f t  dynamics and environmental conditions. In 
the actual f l i g h t  t e s t  program w i t h  FAA observers on board for  the 
cer t i f ica t ion  of the instrumented automatic landing system, there were 
only about 100 automatic landings conducted. And the major purpose of 
those landings was primarily to  validate the simulation model. So, 
this k ind  of a problem just about says tha t  simulation i s  the only way 
we're going to  get there, because i t  just isn ' t  possible to  go f l y  a 
hundred microbursts i n  any length of time. So, how do you define the 
probability of detection and fa l se  alarm ra te  from these rare events, 
particularly when they are i n  such a broad spectrum of circumstances 
i n  which they can occur? 

Lastly is  the cer t i f ica t ion  and l i a b i l i t y  question. R i g h t  now turbu-  
lence detection is  cer t i f ied  on a no-hazard-to-flight safety basis. 
Which simply means tha t  we are allowed to  p u t  turbulence detection 
into the airplane on the condition tha t  i t  not in te r fe re  w i t h  any of 
the tradit ional functions of the a i r c ra f t .  Now, i f  someone were to  
make a claim, I t h i n k  tha t  this m i g h t  get a t  your question. You have 
had no applications for  cer t i f ica t ion  of a wind  shear detector. 
t ha t  true? 

I s n ' t  

Schlickenmaier: Yes, i t  is. 

Robertson: If someone were to  claim tha t  they had a wind shear 
detector, how i n  the world would you ever prove tha t  i t  worked? 

(Unintell igible question) 

Schl ickenmaier: They're running  under the same l i a b i l i t y .  They have 
supplemental-type ce r t i f i ca t e s  tha t  there is basically no hazard. I t  
means tha t  you can ' t  in terfere  w i t h  the other instrumentation aboard 
the a i rc raf t .  And, i f  you see the i r  ads i n  Aviation Week, i t  does 
say. . .cer t i f icated safe f l i g h t  wind shear warning system. 

U n i  denti fied: Kind of 1 i ke a nonstandard ashtray. 

Schl ickenmaier: That 's  r i g h t .  Procedures are roughly the same. 

Unidentified: That 's  absolutely r i g h t .  

Schlickenmaier: 
mission. 

O K ,  b u t  the procedures are  i n  place to  do the f u l l  

Unidentified: What do the l e t t e r s  STC mean? 
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Schl ickenmaier:  Supplementary Type C e r t i f i c a t e .  

Un iden t i f i ed :  Right.  

U n i d e n t i f i e d :  O r  how about S e n s i t i v i t y  Time Contro l ,  f o r  us radar 
guys? 

Un iden t i f i ed :  Hey, yeah, t h a t ' s  r i g h t !  

Bowles: 
through w i t h  a system. 

The major a i rp lane  manufacturer i n  t h i s  country  may be coming 

Schl ickenmaier:  Mat te r  of f ac t ,  there may be somebody else.  

Bowl es : ( Inaudi  b l  e )  

Schl ickenmaier:  I understand the re ' s  somebody else. There's another 
o rgan iza t ion  t h a t  i s  l ook ing  a t  the  c e r t i f i c a t i o n  issues, 
o rgan iza t i on  r i g h t  now i s  Ray Sel lers ,  i n  the  Northwest Mountain 
Region ( o f  the  FAA), who i s  concerned w i t h  the  issue o f  c e r t i f i c a t i n g  
wind shear d e t e c t i  on/avoi dance packages from the  a i  r w o r t h i  ness end o f  
it. That means the  engineer ing work is...and as I mentioned e a r l i e r ,  
t h e  on ly  o ther  t h i n g  we have on the  book is...which, as a mat ter  o f  
f ac t ,  does r e l y  heavi ly .  When I wrote the  appendices t o  AC 120.41, i t  
i s  almost exc lus i ve l y  simulation-based. 

The prime 

Robertson: That gets us r i g h t  back t o  the  models. We c a n ' t  do radar  
s imu la t i on  w i thout  radar models. We need data o f  a microburst ,  ground 
c l u t t e r ,  a t  -10 dBZ. With tha t ,  I'll conclude my speech. 

Bowles: 
as p a r t  o f  IRAD? 

Wi th in  your organizat ion,  are you now a t tack ing  the  problem 

Robertson: As a manufacturer o f  Doppler radar, we are cons tan t l y  
aware o f  these issues, and al though I c a n ' t  s t a t e  t h a t  we have a major 
wind shear development program i n  house, I can say t h a t  t he re ' s  a 
great  deal o f  i n t e r e s t  and support f o r  t h i s  p ro jec t .  

To summarize my presentat ion,  l e t  me say the  fo l l ow ing .  As I ex- 
p la ined a t  t h e  beginning o f  the presentat ion,  i n  the  tu rbu lence detec- 
t i o n  i s  a v e l o c i t y  spectrum width estimate, and it measures essen- 
t i a l l y  how r a p i d l y  t h e  v e l o c i t y  i s  f l u c t u a t i n g  a t  each i n d i v i d u a l  
range c e l l  . There i s  no connect ion between one range bin,  so t o  
speak, and t h e  next range bin.  They're each doing an independent 
spectrum wid th  est imate.  This th rea t ,  i f  the  v e l o c i t y  exceeds 5 
meters per second threshold,  then i t ' s  detected as turbulence and 
o v e r l a i d  on top  o f  t he  weather p ic tu re .  
normal p r e c i p i t a t i o n  d i sp lay  and t h e  turbulence i s  d isp layed on top  o f  
it, so the  p i l o t  can see the  r e l a t i o n s h i p  between them. 

I n  conjunct ion,  you have the  

Un iden t i f i ed :  I s  t h i s  an e x i s t i n g  piece o f  hardware? 

Robertson: Yes, t h i s  i s  our WXR700 a i r  t r anspor t  radar  t h a t  we 
c u r r e n t l y  manufacture, and we have roughly 400 o f  these turbulence-  
equipped systems now f i i  service.  We have also adapted it t o  ground- 
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based appl icat ions,  t a k i n g  e s s e n t i a l l y  our a i rborne  system and put  a 
d i f f e r e n t  d i sp lay  on it and a d i f f e r e n t  antenna pedestal ,  pu t  i t  on 
the  ground. We have q u i t e  a few o f  these. The Nat ional  Weather 
Serv i  ce i n  M i  nneapol is.. . 
This  i s  an example o f  an a i rborne  weather d i sp lay  showing weather 
mode, 20-mile se lected range, and one and th ree-quar te r  degree tilt. 
This  i s  t h e  photograph taken from our lab,  so i t ' s  on the  ground. Now 
t h i s  i s  what we found t o  be q u i t e  a common s i t u a t i o n ,  and not  remote. 
Thi s i s  a we1 1 -devel oped thunderstorm t h a t  i s  showi ng 1 i ght , moderate, 
and heavy p r e c i p i t a t i o n ,  and w i l l  t r i g g e r  a l l  the  warning s igna ls  i n  
any p i l o t ' s  mind, t o  stay away from there.  They know t o  s tay away 
from odd-shaped storms and from areas o f  h igh  r e f l e c t i v i t y .  Here on 
the  r i g h t  i s  the very broad area o f  j u s t  l i g h t  genera l l y  sca t te red  
ra in ;  i t  doesn' t  show any c h a r a c t e r i s t i c  danger, so t h a t  would no t  
t r i g g e r  a warning i n  anyone's mind, and if there  was an a i r p o r t  i n  
t h i s  v i c i n i t y ,  there  would not  be any p i l o t  t h a t  would h e s i t a t e  t o  
land there. This i s  t he  same weather c e l l ,  but  w i t h  turbulence 
de tec t ion  act ivated.  As you can see, where you would expect t o  see 
turbulence i n  the  heavy r a i n  shaf t ,  i t ' s  not  there,  i t ' s  over here i n  
the  l i g h t  ra in .  I n  today 's  non-turbulence radars, there  are no warn- 
i n g  s ignals  o r  cues, but  i f  a crew would land there,  they would get 
beat up on the  approach. I ' v e  been on approaches where we have f lown 
i n  tu rbu len t  areas, and i t ' s  rough, so w i t h  t h i s ,  t he  turbulence 
de tec t ion  i s  g i v i n g  the  p i l o t  an add i t i ona l  p iece o f  in fo rmat ion  t o  
make h is  avoidance dec is ion  t h a t  he wouldn ' t  have w i thout  it. 

Unident i f ied :  
commercial Doppler radar? 

When you sa id  w i t h  "it," do you mean t h a t  you s e l l  a 

Robertson: Yes, we do. Our f i r s t  Doppler-equipped system went i n t o  
serv ice  w i t h  Uni ted A i r l i n e s  i n  February o f  1983. We in t roduced t h e  
radar  f i r s t  o f  a l l  as a new s o l i d  s t a t e  u n i t  i n  1980 i n  a non- 
turbulence version, bu t  then we upgraded those u n i t s  i n  1983. 
Un i ted  A i r l i n e s  i s  f l y i n g  roughly 120 o f  these systems i n  t h e i r  f l e e t ,  
and worldwide, we have near ly  400 t u r b u l  ence-equi pped a i  r c r a f t  . 

Now 

Un iden t i f i ed :  How does i t  work i f  the re ' s  no p r e c i p i t a t i o n ?  

Robertson: 
t h e  v e l o c i t y  variance. There 
i s  one o ther  company t h a t  manufactures these. Another example: I 
mentioned we have taken the  a i rborne  system and adapted i t  t o  ground 
base usage where we simply have taken the  same radar set  and app l ied  
i t  on the ground. We put our c o l o r  d i sp lay  on the  map so you can see 
where you are. 
ground c l u t t e r  suppression. 
rece i  ver, i t  I s  a coherent system. 
locked together;  they are both d r iven  by the  same c r y s t a l  o s c i l l a t o r ,  
so the  phase angle o f  t he  weather echo i s  preserved. This  i s  a storm 
system t h a t  passed through Iowa. This  i s  from our l abo ra to ry  w i t h  
radar  l o c a t i o n  i n  the  center  o f  the  p i c tu re .  These echos i n  t h i s  area 
are  ground re tu rns  surrounding the  s i t e ,  and t h i s  i s  a thunderstorm 
system t h a t  i s  moving i n  w i t h  l i g h t ,  medium, and heavy p r e c i p i t a t i o n  
i n  the  orange. The detected turbulence i s  showing a var iance of 

We must have l i q u i d  water t o  de tec t  turbulence, t o  de tec t  
We have s ince adapted t o  ground base. 

Along w i t h  the  Doppler processing comes a t h i n g  c a l l e d  

Transmi t te r  and rece i  ver are phase- 
Now w i t h  a very s t a b l e  t r a n s m i t t e r  and 
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greater  than a 5 meter per second, ind ica ted  by magenta, a p i n k i s h  
co lo r ,  which i s  o v e r l a i d  on top  of the weather i n  the  area where i t  i s  
e x h i b i t i n g  a h i  gher vel oc i  t y  v a r i  ance. I n  t h i  s p a r t  i cu l  a r  case, t he re  
was a recorded damage of a mobi le home cour t  where the re  was a semi- 
t r a i l e r  t i pped  over. So the re  was damage recorded a t  the  s i t e  the  day 
o f  t h i s  event. Well, t h i s  i s  i n d i c a t i n g  a hazard t o  a v i a t i o n  most 
d e f i n i t e l y ,  s ince i t  was able t o  do damage t o  the  ground. The p o i n t  
o f  t h i s  s l i d e  here i s  t h a t  t h i s  i s  the ground c l u t t e r ,  which normal ly  
e x h i b i t s  a very low v e l o c i t y  variance, l ess  than three-quar ters  o f  a 
meter per second. 
than 5, so t h e y ' r e  a t  opposi te  ends o f  t he  same spectrum. Now, w i t h  
t h e  ground c l u t t e r  suppression c i r c u i t  a c t i v a t e d  i n  the  radar set ,  
t h i s  i s  the  same weather storm. This has ground c l u t t e r  i n  the  
p i c t u r e ,  bu t  on the  next sweep, the  ground c l u t t e r  suppression was 
ac t iva ted ,  and as you can see, has been taken out o f  the d isp lay .  

Un iden t i f i ed :  I f  there  has been turbulence over the  s i t e  o f  t he  
radar,  would t h a t  simply blank t h a t  out? 

Storm turbulence has a v e l o c i t y  var iance o f  g rea ter  

Robertson: Well, the  ground c l u t t e r  suppression only  est imates t h e  
p rec i  p i  t a t i  on d i  sp l  ayed . If there  was t u r b u l  ence detected, t h a t  would 
s t i l l  remain i n  place. This  ground c l u t t e r  suppression technique does 
no t  uncontaminate the  bas ic  s ignal .  I f  the re  i s  a h igher  ampl i tude 
ground c l u t t e r  w i t h  low- level  turbulence s ignals ,  l i k e  i f  you have 
downtown bu i ld ings ,  f o r  example, w i t h  l i g h t  r a i n  over them, the  
b u i l d i n g  i s  going t o  dominate the return.  Therefore, it would take  
out  the  b u i l d i n g  and any s t rong s ignals  t h a t  dominate the  re tu rn .  But 
t h e  ground c l u t t e r  suppression we developed i s  an a i rborne  i d e n t i f i c a -  
t i o n  t o o l  where a t  100, 150 o r  200 miles, t he  p i l o t  could use i t  t o  
remove the  ground c l u t t e r  and preserve the  storm echoes, so he cou ld  
t e l l  a t  long  ranges whether it was ground o r  weather he was look ing  a t  
i n  h i s  d isp lay.  We developed t h i s  method f o r  a i rborne  use and got i t  
t o  where i t  was performing, we f e l t ,  very wel l .  You can see storms a t  
n igh t t ime  and thunderstorms a t  120 mi les when you push the  button. You 
know i t  i s  embedded i n  ground returns.  Push the  button, and the  
ground re tu rns  go away and the  cores o f  the  storms stay i n  there.  When 
we t r i e d  it on the  ground, i t  was abso lu te ly  f a n t a s t i c .  It worked much 
b e t t e r  on the  ground than i n  the  a i r .  Reason I ' m  making t h a t  p o i n t  i s  
t h a t  the  a i rborne  problem f o r  both turbulence de tec t i on  and ground 
c l u t t e r  suppression i s  f a r  more d i f f i c u l t  t o  so lve on a moving p l a t -  
form than on a f i xed  p la t form.  This  i s  a p iece 
o f  cake t o  do t h i s .  Whereas i n  the  a i r ,  i t i s  not;  i t  i s  more 
d i f f i c u l t .  

Th is  i s  an example. 

Un iden t i f i ed :  
anyth ing i n  t h a t  area. 

S t i l l ,  you d i d n ' t  resolve the  problem o f  measuring 

Robertson: 
de tec t i on  was o r i g i n a l l y  pu t  i n t o  serv ice as an avoidance t o o l  f o r  
thunderstorm-re la ted turbulence. There was a l o t  o f  work done i n  the  
e a r l y  70's by NSSL t h a t  r e l a t e d  thunderstorms' turbulence t o  var iance 
echoes o r  var iance measurements, made by Doppler radar. 
basis,  var iance was used as an i n d i c a t o r  o f  thunderstorm-re la ted 
turbulence. 
some o f  theiii beeifig microbursts  o r  other wfnb-shear-type hazards. 

No, we d i d n ' t .  What we are t r y i n g  t o  do, turbulence 

So, on t h a t  

We 
Since t h a t  t ime, now we are apply ing i t  t o  new areas, 
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are  exp lo r ing  where i t  might be app l i ed  beyond what we are  doing r i g h t  
now. That i s  k i n d  o f  where we are  as a manufacturer. 

Schl ickenmaier: Thanks, number one, Tom Campbell and h i s  people f o r  
p u t t i n g  on an abso lu te ly  f i r s t  c l a s s  forum f o r  us t o  discuss openly 
numerous issues. And t o  G i  nny , thank you. Without you , we coul dn' t 
have p u l l e d  any o f  t h i s  o f f .  We need t o  focus on tomorrow. I t h i n k  
we had good overview today. I ' d  l i k e  t o  scope o u t  a couple o f  areas. 
One, the a i rborne  Doppler wind shear de tec t i on  and avoidance system: 
what are we scoping? Where i s  the  area we work? I t h i n k  we heard two 
numbers. We heard from Mark K i rchner  o f  NRC, who says 800 f e e t  down 
t o  the  ground. We've heard some o ther  numbers i n  the  thousands, 
around two thousand f e e t  t o  the ground. I t h i n k  we a l so  need t o  s t a r t  
d e f i n i n g  what t h a t  i s .  I t h i n k  we a l so  need another quest ion t o  ask. 
What i s  t he  intended f l i g h t  path, and how do we work w i t h i n  t h a t ?  
Boundaries, f i v e  t o  ten  mi les  around the  a i r p o r t ?  Closer, s t r i c t l y  
along the f l i g h t  path, o r  a re  we l o o k i n g  a t  spreading o u t  the  beam i n  
the  t r a d i t i o n a l  weather radar  mode, o r  w i l l  we be l o o k i n g  a t  something 
1 i k e  the.. .Keep i n  the back o f  your  mind what I t h i n k  i s  a goal , and 
the  goal t h a t  Roland expressed i s  p a r t  o f  t he  proposed NASA program. 
We would 1 i k e  t o  come up w i t h  some s o r t  o f  hazard c r i t e r i a  t o  de f ine  
the  wind shear hazard t o  the  f l i g h t  crew i n  terms o f  a go/no-go 
decis ion.  
d i r e c t o r  gets i n t o  the wave-off o r  go-around mode w i t h  p i t c h / s t e e r i n g  
commands, suggesting a f l i g h t  path escape route,  I d o n ' t  know. The 
concept o f  i n t e g r a t i n g  the i n  s i t u  present  p o s i t i o n  data w i t h  the  
pred ic ted  data--how impor tant  i s  t h a t ?  How can we e f f e c t  t h a t  mix? 
How can we g ive  conf idence t o  whatever weather radar  data we design 
f o r ?  And, the bottom l i n e ,  as o u t l i n e d  i n  the  plan, I hope ... although 
some o f  t he  i n  s i t u  f l i g h t  guidance and c o n t r o l  systems we may be 
l ook ing  a t ,  we are l ook ing  f o r  systems t h a t  few people have, means o f  
escaping o r  avo id ing  wind shear, o r  maximizing crash s u r v i v a b i l i t y  i n  
hazardous meteoro log ica l  areas. I would l i k e  t o  suggest t h a t  the  t r a p  
t h a t  we once walked through was a t r a p  o f  d e f i n i n g  meteorology o r  o f  
c l a s s i f y i n g  wind shear. For  a l ong  time, f r o n t a l  shears were the  on ly  
t h i n g  t h a t  were l i s t e d .  Then downbursts. Then microbursts .  Now a l l  
o f  a sudden we are g e t t i n g  a l l  o f  these o ther  th ings  i n  aerodynamics 
and r o t a t i o n a l  f low... I  t h i n k  we've seen from Peter  the  a b i l i t y  t o  do 
some ra the r  remarkable meteorological  sensing. I t h i n k  o f  what we 
have seen from C o l l i n s  and what we know from o the r  manufacturers... 

Whether t h a t  means the  l i g h t  p lane ... o r  i t  means the  f l i g h t  

(Next day) 

Campbell: One t h i n g  I would l i k e  t o  mention i s  
t h a t  ... fo rgo t  where we l e f t  o f f .  I be l i eve  t h a t  we were i n  the  area 
of  d iscussion and I would l i k e  t o  comment t h a t  anyone who would l i k e  
copies of Roland's o r  Leo's presentat ion,  we do have copies o f  them. 
You can p i ck  them up on your  way out, and thank you. Herb, how do you 
want t o  l ead  o f f  today? 

Schl ickenmaier: Well, I guess we are a l l  reasonably we l l  versed as t o  
what 's going on. What I would l i k e  t o  open i t  to ,  i f  we could, i s  t o  
see if we can p u t  something i n  perspect ive,  f rom my p o i n t  o f  view. Do 
you th ink  we are a t  a p o i n t  where we can p u t  a se r ies  of tasks toget-  
her  and assign some s o r t  o f  r e l a t i o n s h i p  as t o  how those tasks might  

Thank you very much. 
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be i n s t i t u t e d ?  I wouldn ' t  necessar i l y  s e t  people up f o r  commitments 
o f  t ime. 
come up w i t h  a wind shear de tec t ion  and avoidance package o r  method- 
ology. Along the way, we can i d e n t i f y  what some o f  these products 
are. You know I t r i e d  t o  t i c k l e  some imaginat ions l a s t  n i g h t  be fore  
we l e f t .  I n  terms o f  t h ings  I t h i n k  we need t o  be addressing on the 
techn ica l  side, can I open i t  up f o r  more discussion? Peter, Roy, 
Roland, Jack, guys? Comments, thoughts, questions? 

There are  several r e l a t i o n s h i p s  f o r  how we might  be ab le  t o  

Hay: 
cuss ing two d i f f e r e n t  k inds  of wind shear radar. One i s  f o r  
d iagnosing and d e f i n i n g  what wind shear i s ,  so what you need the re  i s  
a f i n e - d e t a i l  radar  if you are  t a l k i n g  about a pu lse  Doppler. Here 
you want narrow pulses, h igher  power so you can ge t  i n t i m a t e  informa- 
t i o n  on what the wind shear i s .  And, from Roy's discussion, I g e t  t h e  
i dea  t h a t  you don' t need the  d e t a i l  j u s t  t o  d iscover  t h a t  t he re  i s  a 
wind shear problem o u t  there. You could use a f a r  l e s s  r e s o l u t i o n  
radar, and much eas ie r  t o  design by the way, and de tec t  t he  f a c t  t h a t  
there  i s  probably wind shear o u t  there, b u t  you r e a l l y  c a n ' t  de f i ne  i t  
i n  g r e a t  d e t a i l .  
t a l k i n g  about. Real ly,  two k inds  o f  radars, one f o r  discovery and 
ana lys is ,  and the  o the r  one, p r a c t i c a l  purposes and f o r  i n s t a l l i n g  on 
a i  rl i ners. 

Well, one t h i n g  I g o t  o u t  o f  t h i s  i s  t h a t  we' r e  r e a l l y  dis-  

I t h i n k  those are the two areas t h a t  we're s o r t  o f  

Hi1 debrand: Well, I t h i n k  t o  p i c k  up on tha t ,  i f  you r e a l l y  want t o  
a t tack  wind shear i n  the  l a s t  l i t t l e  b i t  r i g h t  i n  f r o n t  o f  t he  a i r -  
plane, where you are going t o  ge t  t o  i n  t he  nex t  minute o r  so, you 
want t o  design your  radar considerably  d i f f e r e n t l y  from how you design 
a s u r v e i l l a n c e  radar. That doesn' t  mean t h a t  t he  same radar  c a n ' t  do 
the  same job, b u t  you should use the  ava i l ab le  c a p a b i l i t y  o f  a radar  
system t h a t  can generate an average t ransmi t  power i n  a d i f f e r e n t  way. 
I f  you can do tha t ,  then you open up some new doors i n  s e n s i t i v i t y  
c a p a b i l i t y .  And i t  seems t h a t  there  are some p o s s i b i l i t i e s  t o  design 
such a radar  t h a t  w i l l  work i n  some c e r t a i n  span o f  s i t u a t i o n s .  Won' t 
do the  whole job, b u t  i t  w i l l  do a reasonable p a r t  o f  it. 

Robertson: I b a s i c a l l y  agree w i t h  that .  We r e a l l y  do have two types 
o f  radar, and radars can be designed t o  de tec t  these th ings .  But  a 
b e t t e r  understanding o f  the meteorological  cond i t i ons  i n  the  environ- 
ment t h a t  they occur i n ,  then the k i n d  o f  c r i t i c a l  design t r a d e o f f s  
can be made t h a t  s p e c i f i c a l l y  go a f t e r  a c e r t a i n  subset o f  cases. 
But, I t h i n k  t h a t  t he  key t o  t h a t  i s  understanding what the  environ- 
ment of t he  mic roburs t  i s  and d e f i n i n g  what the  events are, so then 
radar  design cou ld  be opt imized t o  go a f t e r  those c h a r a c t e r i s t i c s  i n  
t h a t  environment. 
expansion on the  model i n g  capabi l  i ty. Model i ng computer s imu la t i on  of 
mic roburs ts  i n  radars--radar i n  software, so t o  speak, t h a t  can then 
be used t o  t e s t  o u t  some o f  these various scenarios. 

So t h i n k  o f  feeding t h a t  thought  process t o  t h e  

Fedors: I guess I would l i k e  t o  see the problem def ined a l i t t l e  more 
i n  terms o f  t he  l o t s  o f  numbers I heard yesterday about, where you 
began t o  de tec t  t h i s ,  and what Roland mentioned, f o u r  minutes plus, o r  
minus f o u r  minutes as a mat te r  o f  f ac t .  I would l i k e  t o  see a 
scenar io f o r  radar t o  a t tack .  Four minutes seems an awful l ong  way 

63 



out. It seems a long way out t o  be l ook ing  fo r  these th ings  based on 
what I understand from Leo on the  l i f e t i m e  of these microbursts .  

Schlickenmaier: Roland, do you want t o  make a stand on t h i s ?  

Bowles: Yes, what I sa id  was we have a span o f  t ime over which you 
could be look ing,  from the  ou ter  marker on in .  What I was suggest ing 
i s  t ha t  a 40-second look-ahead would g ive  us a f e e l i n g  f o r  what t h e  
data base would say i f  you had a three-sigma ... 

ng out  t h e  Un ident i f ied :  
ground c l u t t e r ?  

How much o f  a problem do you see i n  separat  

Robertson: I f i n d  i t  a rea l  s i g n i f i c a n t  problem j u s t  from f l y i n g  
approaches w i t h  the e x i s t i n g  radar sets  t h a t  we have; t he  ground 
c l u t t e r  v i r t u a l l y  smears the  p i c tu re .  
antenna p o i n t i n g  angle and ground c l u t t e r  echo, r e p l i e s  can be e i t h e r  
30 o r  40 dBZ equ iva len t  r e f l e c t i v i t y .  Your weather phenomenon i s  down 
near zero dBZ, it i s  e s s e n t i a l l y  a very h igh  l e v e l  s igna l  b l a s t i n g  t h e  
rece iver  out and the  l i t t l e  wiggles on t h a t  waveform represent t h e  
wind shear. So, I see i t  as s i g n i f i c a n t  problem, and I t h i n k  the re  
are a l o t  o f  areas o f  maybe scanning s t ra tegy  w i t h  the  antenna t h a t  
could he lp t h a t  a l o t ,  but  t he  bas ic  problem i s  t h a t  on an approach i t  
i s  s t i l l  a very shal low view, and w i thout  very sharp c h a r a c t e r i s t i c s ,  
then s t i l l  i n  order  t o  get down t o  the  very low a l t i t u d e s  requ i red  t o  
detect  t h i s ,  ground c l u t t e r  i s  a p a r t  o f  nature. A t y p i c a l  approach 
angle might be 4.01- 5 degrees up i n  tilt. On a t y p i c a l  approach the  
p i l o t  would run h i s  antenna maybe 5 degrees ti lt up j u s t  so he cou ld  
s t i l l  c l e a r  the  beam on the  ground. 

With any k i n d  o f  a l e v e l  

Un iden t i f i ed :  
look ing f o r ?  

Without c l e a r i n g  the weather phenomenon t h a t  you ' re  

Robertson: I n  t h i s  case it i s .  Now he, i f  he i s  avoid ing r a i n  t h a t  
i s  coming down, he could s t i l l  see it, but, t he  p o i n t  t h a t  I ' m  making 
i s  t ha t  t o  c l e a r  the  ground c l u t t e r  f o r  any l e v e l  t he  ti lt angles 
requi red t o  see wind shear would be very low on the  ground and t h i s  
would be a very d i f f i c u l t  s i t u a t i o n .  

Unident i f ied:  
recommend t o  t a c k l e  t h i s ?  

Do you o r  C o l l i n s  have an approach t h a t  you would 

Robertson: 
been a l o t  o f  l i t e r a t u r e  publ ished, and MIT has done a ra the r  exhaus- 
t i v e  study o f  t he  d i f f e r e n t  techniques, but,  again, these are 
b a s i c a l l y  app l ied  t o  the  ground-based o r  occas iona l l y  a p l a t f o r m  
case. I t h i n k  when you get i n t o  the  moving p l a t f o r m  area, t he re  i s  a 
l o t  d i f f e ren t  cons idera t ion  there.  I don ' t  t h i n k  the re  are l o t s  o f  
oppor tun i t i es  t o  so lve these; you have t o  do a l o t  o f  t he  so lu t i ons  
numerical ly because we know what our microbursts  look l i k e .  We can 
de f ine  what the domain i s  t h a t  we have t o  look a t .  We have a model 
f o r  what the  atmosphere looks l i k e .  So, we can def ine what i s  t h e  
s igna l  we are t r y i n g  t o  measure, and t h a t  gives you some specs on what 
you hope your radar measures a f t e r  you so lve these problems. You need 
t o  understand tha t ,  and you can a lso  a t tack  the  problem a t  t h a t  p o i n t  

We1 1, I guess t o  say of fhand we don ' t  , because the re  has 
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of what i s  the domain you r e a l l y  have t o  sample on, and t h a t  w i l l  g i ve  
you some bounds on how you do the  radar design. 
t h a t  you should do i t  the  way you design a s u r v e i l l a n c e  radar. Maybe 
some new sampling techniques would help the  radar problem. Because 
you do want t o  ge t  s e n s i t i v i t y  ou t  o f  it. Well, t he  o the r  problem i s  
how do you handle the ground c l u t t e r  problem, and i t  seems t o  me t h a t  
t h e r e  i s  an oppor tun i t y  w i t h  our knowledge o f  what the meteorology i s  
l i k e  t o  do a l o t  o f  t h a t  design work numerical ly.  You can spec i f y  as 
h i g h  a r e s o l u t i o n  as you want to.  ..the r e f l e c t i v i t y  s t ruc tu re ,  and, 
the ground c l u t t e r  s t ruc tu re .  Now you have t o  go o u t  and make some 
measurements f o r  your  ground c l u t t e r  s t r u c t u r e  t o  fit, and h o p e f u l l y  
JAWS and then CLAWS and then MIST and a l l  these o the r  programs w i l l  
h e l p  some more i n  numer ica l l y  modeling t h e  meteorology. So, you can 
have a model o f  meteorology and ground c l u t t e r  w i t h  any r e s o l u t i o n  you 
want. You can then go sample t h a t  w i t h  a numerical radar. You can 
sample w i t h  r e a l i s t i c  beam func t ions ,  sample the  ground, sample t h e  
atmosphere. From t h a t  you can cons t ruc t  the Doppler spectra you 
should get, and the n u l l s ,  and the IQ outpu t  o f  radar, which then you 
c o u l d  e i t h e r  process i n  a spec t ra l  format o r  a pu l se -pa i r  process o r  
format, a l l  numerical ly.  Then t h a t  w i l l  enable you t o  see and then 
you cou ld  go back from those data and recons t ruc t  what you g e t  f o r  
v e l o c i t y  o r  variance. Go through t h e  whole t e s t i n g  procedure. Th is  
i s  something t h a t  has been done. I ' v e  been p e r i p h e r a l l y  i nvo l ved  i n  
some o f  t he  research and I know i t  i s  poss ib le  t o  do t h i s .  It i s  n o t  
a j o b  t h a t  requ i res  a massive computer. T h i s  would enable you t o  
f i g u r e  o u t  how p r a c t i c a l  the problem i s - - t o  t ry o u t  d i f f e r e n t  schemes 
o f  ground c l u t t e r  r e j e c t i o n  w i t h o u t  going o u t  i n t o  the f i e l d  and hope 
mother na ture  gives you a mic roburs t  j u s t  when you happen t o  be awake. 

I ' m  n o t  convinced 

Fedors: My quest ion i s ,  seems I never heard o f  mic roburs ts  be fore  a 
week o r  so ago. Every th ing  I have seen about these, every p i c t u r e ,  
every drawing, every representa t ion  I have seen shows these micro- 
b u r s t s  a t  a l o c a t i o n  where you measure them, and they are  a l l  drawn 
over a runway. Do these th ings  move? L a t e r a l l y ,  how f a s t  do they 
move? I ' m  t h i n k i n g  about how t o  design t h i s  radar, and they move a t  
surface v e l o c i t y ;  they advect. When a p i l o t  comes down t h i s  tunnel t o  
the  ground, when one moves across i n  f r o n t  o f  me, w i t h  a s l i g h t  cross- 
wind.. . 
Un iden t i f i ed :  
s ignature  i s ;  as a mic roburs t  forms t o  t h e  s ide  o f  t he  approach pa th  
and advects across the f l i g h t  path, do you see t h a t  c h a r a c t e r i s t i c  
s igna tu re  a t  any t ime? Is it poss ib le  t h a t  t he  a i r c r a f t  and t h e  
m ic roburs t  a c t u a l l y  come i n t o  confluence w i t h o u t  t he  radar ever seeing 
the  c h a r a c t e r i s t i c  s ignatures? 

That  b r i n g s  up t h e  question: we know what a mic roburs t  

Robertson: That gets the back seat. I t h i n k  you need t o  separate the  
problem i n t o  p r a c t i c a l  sub-problems. You c a n ' t  cons ider  t h a t  quest ion 
a t  t he  same t ime you are wor ry ing  about ground c l u t t e r .  
t h a t  says you should be l ook ing  o u t  through some cone. And, the w id th  
o f  the cone i s  s p e c i f i e d  by a reasonable guess about advect ion 
v e l o c i t i e s .  

B a s i c a l l y ,  

(D iscuss ion  i n v o l v i n g  several p a r t i c i p a n t s )  
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That ' s  on the assumption on how f a r  the beam i s  pene t r a t ing  i n t o  the 
c e l l  before  you get the c h a r a c t e r i s t i c  s igna tu re .  

That i s  what I'm saying,  you need t o  scan through some s e c t i o n s ,  bu t  
you d o n ' t  need t o  scan out  there because you a r e  never going t o  get 
out  there. 

Maybe a s t e e r a b l e  s e c t o r ;  the s e c t o r  may just  need t o  occupy 
t r a j e c t o r i e s  l ike  t h a t .  

Now the microburst  can a l s o  just come a t  you from up  above. 
t o  look u p ,  because your s e c t o r  is  a cone. 

You have 

Fedors: T h i s  gets worse. 

Bowles: I t h i n k  the poin t  here is t h a t  i f  you go back t o  coming down 
from c r u i s e  a l t i t u d e  t o  near-on f i x ,  down t o  10,000, you've got an... 
and from 10 down, you've got ... The ground c l u t t e r  problem there is  
normal, r i g h t ?  You can search i n  hor izonta l  s l i c e s  a l l  the way down. 
These t h i n g s  have t e l l t a l e  s i g n a t u r e s ;  there has t o  be v e r t i c a l  f low 
somewhere, t o  have an outf low c l o s e  t o  the ground, and the a r t i s t s  
have taken a l o t  of l iber t ies  w i t h  the pictures of these t h i n g s .  T h e  
l i t t l e  boundary l a y e r  i s  l i t e r a l l y  300 meters thick.  
mile. Now what I'm saying is  t h a t  on the way down you scan;  you look 
around j u s t  l ike  you use weather radars  today. 
informati  on systems worki ng on your behal f ,  you' ve got terminal  
weather, r i g h t ?  

I t  is not a 

You have te rmina l  

(Short  d i scuss ion  on NEXRAD, severa l  p a r t i c i p a n t s ,  everyone t a l  k i n g  a t  
same time) 

Unident i f ied:  What you want t o  do from 2,000 down is  s h o r t  term. Now 
you are  t a l k i n g  not about abso lu t e s  of na tu re ,  b u t  what could n a t u r e  
do for  me i n  r e l a t i o n  t o  my e a r l y  performance? Because now you a r e  
g e t t i n g  s t a b i l i z e d  f o r  approach i n  a low energy s t a t e ,  and this i s  
where the hazard i s ,  from 2,000 down. 

Schlickenmaier:  
t h i n g  on a l l  the time. 

Unident i f ied:  
poss ib le  wind shear .  

What we a r e  saying here is t h a t  you don ' t  turn this  

For in s t ance ,  you may only turn i t  on i f  there is 

Unident i f ied :  
shear .  

Don't turn i t  on u n t i l  the r e p o r t s  say poss ib l e  wind 

Fedors: 
says  he has turbulence i n  the area .  

The po in t ,  f o l k s ,  is a small a i r p l a n e  doing touch and go ' s  

Hildebrand: 
t o  touchdown, b u t  from 12,000 t o  10,000 the radar  may have degraded 
performance because you d i d n ' t  design i t  t o  work up  there. 

We've decided t h a t  the optimum funct ion  is  a t  2,000 feet  
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Un ident i f ied :  There are such th ings  as mu 
m i l i t a r y  might have ten d i f f e r e n t  modes t o  
t i o n .  Now, on t h i s  th ing,  I would say you 
two or  th ree  modes, if you are c ru is ing  a t  
f o r  normal radar s tu f f .  Maybe something e 
don ' t  know the  answers t o  that .  

ti-mode radars; the  
accommodate every condi - 
could probably use i t  f o r  
40,000 f e e t  and using i t  
se a t  other a l t i t udes .  We 

Bowles: The advantage here i s  the f a c t  t h a t  we do know a l o t  about 
meteorology i n  terms of s p a t i a l  and temporal condi t ions.  You could 
use t h a t  t o  your advantage. I n  other words, we a t  l e a s t  know where 
the  haystack i s ,  we don ' t  know where the  needle i s .  We've got the  
r i g h t  f i e l d  which could be used t o  your advantage. 

Un ident i f ied :  One o f  the assumptions here i s  the  requirement f o r  low 
grazing angle ground c l u t t e r ,  on which you superimpose your wind f i e l d  
f o r  which you have a much b e t t e r  mathematical model. Then, t ry  t o  put 
these data together, then subtract  what you put i n t o  the  mathematical 
model. P a r t  o f  the experimental program would be a requirement t o  
c o l l e c t  and work w i th  r e a l i s t i c  ground c l u t t e r  i n  the sense t h a t  you 
would not hang up the  models. Is there any disagreement w i th  t h a t ?  

Robertson: 
I t h i n k  i t  i s  necessary t o  undertake t h a t  k ind  o f  experimental program 
because f i r s t  o f  a l l  i t  t e s t s  the reasonableness o f  the overa l l  ideas, 
and i n  a gross sense can even be extracted from the  ground c l u t t e r .  
Secondly then, i t  a lso gives you a method o r  a t o o l  i n  which t o  r e f i n e  
the  ground c l u t t e r  model w i t h  more accurate representat ion because any 
ex t rac t i on  techniques are going t o  have t o  r e l y  i n  the  la rge  p a r t  on 
the  very f i n e  d e t a i l s  of t he  ground c l u t t e r .  That i s  not a gross 
problem, t h a t  i s  a...technique might leave out the  de ta i l s ,  so I th ink  
t h a t  the  model o f  the  ground needs t o  be re f i ned  over time. But, I 
t h i n k  t h a t  i t  i s  poss ib le  and a very valuable t h i n g  t o  do t o  t h i s .  
You have the answer, you know what the microburst  looks l i k e  and you 
can model t h a t  very accurately. You know what the ground c l u t t e r  
model superimposed on t h a t  looks l i k e ,  and you can get a process 
devised t h a t  w i l l  ex t rac t  t h a t  back out. That i s  a very important 
step i n  t h i s  whole process. 

No, I t h i n k  t h a t  i s  a very v iab le  and important approach. 

Campbell: 
a l l  o f  these discussions, and t h a t  may be considered t o  be a subset, 
but  t h a t  i s  antenna techno1 ogy and side1 obe suppression techniques. 
That i s  not j u s t  a f l a t  p l a t e  antenna t h a t  you a t tach  t o  the radar and 
expect optimum performance. I ' m  t h ink ing  a l o t  o f  work needs t o  be 
done i n  bas ic  antenna technology t o  make sure you come up w i t h  the  
r i g h t  desi gn f o r  t h i  s appl i c a t i  on--and t o  a1 1 e v i  a te  some o f  t h i  s 
c l  u t t e r  problem. 

Campbell : We1 1, I t h i n k  from j u s t  t a l  k i ng  we've c leared the area on 
what needs t o  be done r i g h t  now, and k ind  o f  s t a r t  from scratch. 

You know, I t h i n k  there i s  a common denominator throughout 

Hildebrand: 
look ing  a t  a multi-mode radar operation, you know, where you have one 
mode j u s t  f o r  surve i l lance and another t h a t  i s  your wind shear detec- 
t i o n  mode. Some o f  the  work I have done suggests t h a t  i n  s p i t e  o f  t he  
advantages o f  C-band f o r  survei l lance, you may want t o  go X-band for  
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t h i s  k ind  o f  job, s imply because o f  the  beam width.  
may hes i ta te  t o  use it. 
t h a t  performance you are going t o  get i n t o  a d i f f e r e n t  mode. 

But t he  p i l o t s  
That ' s  another problem, bu t  i f  you degrade 

Unident i f ied:  You need t o  mention frequency a g i l i t y .  

Hay: We1 1, t h a t ' s  one o f  ours, we are t a l  k i n g  about Eps i lon  frequency 
a g i l i t y .  
say multi-mode radars, they are almost a l l  very c lose  t o  the  very same 
frequency, bu t  what they do i s  change t h e i r  modulat ion cha rac te r i s -  
t i c s ,  and I may make another comment about a low s ide lobe antenna. 
Almost every case you want t o  get t h e  narrowest beam you can, no 
matter what mode you go. You r e a l l y  don ' t  have t o  change the  beam 
wid th  p a r t i c u l a r l y .  
you always have too  wide a beam width,  and you 'd r e a l l y  l i k e  t o  get i t  
down. You can never get i t  narrow enough. 

Hildebrand: But, i t  a lso  tu rns  out t h a t  i f  you make s l i g h t  t r a d e - o f f s  
i n  antenna i l l u m i n a t i o n ,  you can get t he  beam a l i t t l e  b i t  wider and 
the  sidelobes down, and you can pay a l o t  o f  money t o  do tha t .  How 
much money can you a f f o r d  t o  put  i n  t o  do t h a t  i n  order t o  make t h i s  
work? I t h i n k  your p o i n t  about maximizing the  performance per d o l l a r  
through something l i k e  p u t t i n g  the antenna and radome together  can be 
very, very important.  
s p e c i f i c a t i o n s  on how t o  b u i l d  o r  t r e a t  your antenna and radar. You 
don ' t  l e t  your normal present a i r c r a f t  mechanic touch t h a t  w i thout  
special  t r a i n i n g .  You don ' t  need it. 

I t ' s  p r e t t y  hard t o  sw i tch  between C and X; you know when 1 

You can take  care o f  t h a t  by scanning. Usua l ly  

A system t h a t  does t h i s  we l l  may requ i re  new 

Un iden t i f i ed :  This  c a l l s  f o r  o r i g i n a l  t h ink ing .  You j u s t  don ' t  have 
an add-on feature;  everybody i s  t a l k i n g  about the  radar system, I 
understand t h i s ,  i t  i s  very important,  but  I t h i n k  we have t o  t e a r  on 
a separate path... 

Hildebrand: The radome i s  a very, very d i f f i c u l t  problem i t s e l f ,  and 
maybe you design the  radome t o  maximize i t s  performance through some 
narrow sec tor  and a l l ow  the  beam, the  pa t te rn ,  t o  get worse i n  o ther  
places. 
a r t i s t s  i n  the  country  who can r e a l l y  handle it. Get t i ng  the  j o b  done 
i s  rea l  l y  important.  

That i t s e l f  i s  a tough job, where you have probably a few 

Staton: Antenna technology i s  c e r t a i n l y  we l l  enough developed t o  do 
the  job; the quest ion i s  can you do i t  i n  any reasonable cos t?  My 
answer i s  t h a t  i t  i s  not  very good des ign ing th ings  t o  low cost.  

Campbell: A l o t  o f  work has been done, but  I t h i n k  maybe a new t w i s t  
needs t o  be app l ied  t o  t h i s  product. There i s  a p r a c t i c a l  r e a l i t y  
t h a t  it i s  p r e t t y  hard, i t  i s  k i n d  o f  l i k e  a bucket of c o l d  water i n  
the  face i n  dea l ing  w i t h  the  a i r l i n e s '  type o f  environment. 
t he  system i s  going t o  have t o  be q u i t e  t o l e r a n t  o f  imper fect ions.  
Th is  may not be the  techn ica l  j ob  they were designed fo r .  Our ex- 
perience has shown t h a t  radomes get banged up and repa i red  poor ly ,  and 
they  sometimes get a l i t t l e  water i n  them. You know i t ' s  no t  a 
per fec t  system. 
something t h a t  can overcome a l l  t he  i l l s .  There are some rea l  hard 

I be l i eve  

That i s  another i dea l .  We ought t o  t ry  t o  b u i l d  
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t r ade -o f f s  t h a t  have t o  be made before i t  w i l l  work i n  the  a i r l i n e  
env i  ronment. 

Un iden t i f i ed :  I keep hear ing t h a t  these microburst  c h a r a c t e r i s t i c s  
are q u i t e  we l l  known. Is t he re  something w r i t t e n  up so I can get a 
copy? 

Hi ldebrand: Yes, I t h i n k  the re  are the JAWS repor ts ,  i n  add i t i on  t o  
the  repo r t  t h a t  the  Nat ional  Research Council put  out, and papers by 
F u j i t a  descr ibe microbursts  t o  the extent t h a t  they are understood. 
And you know as long as you can a l low t h e  researchers t o  keep working 
on something, t h e r e  w i l l  be more and more d e t a i l .  But I t h i n k  i n  a 
gross statement we do understand what microbursts  look l i k e .  It i s  
a l so  t r u e  t h a t  we don ' t  understand what a wet microburst  looks l i k e  as 
w e l l  as a d ry  one. That 's a design d e t a i l  t h a t  w i l l  get c leared up as 
we work along. 

Hi ldebrand: The fo rc ing  f o r  a dry  microburst  i s  very easy t o  under- 
stand, because water drops evaporate. The f o r c i n g  o f  wet downdrafts 
i s  d i f f e r e n t .  I don ' t  t h i n k  i t ' s  qu i te  as we l l  understood. The 
d i f f e r e n c e  between a heavy r a i n  shower t h a t  doesn' t  produce micro- 
bu rs ts  and one t h a t  does i s  c l e a r l y  understood. 

Un iden t i f i ed :  Well, there  are s t i l l  some outs tanding features t h a t  
bear p a r t i c u l a r l y  on the  radar problem, l i k e  the  degree o f  shear t h a t  
a c t u a l l y  e x i s t s  r i g h t  down t o  the  ground. The JAWS data doesn' t  show 
much. 
t o  the  ground, and the  f i r s t  few hundred meters. That i s  a l l  
impor tant  f o r  the  radar problem. 

I n  fac t ,  t he re  i s  very l i t t l e  change between where the p l o t s  go 

Un iden t i f i ed :  
We are sub t rac t i ng  a small s igna l  on top  of c l u t t e r .  The d e t a i l e d  
fea tures  o f  t h a t  t h i n g  are a l l  important. What you are  press ing a t  i s  
t he  gap between measurements on the  ground i n  JAWS, assuming it i s  
going t o  be the re  i n  MIST, and every o ther  p r o j e c t  and i n  the  
numerical model work t h a t  you and other people are doing. The p o i n t  
i s  it i s  s t i l l  an evo lv ing  th ing .  We have t o  have something t o  g i ve  
t o  C l i f f  and say, yes, t h i s  i s  the  model, t h i s  i s  what you guys are 
r e a l l y  going t o  see. 

That i s  the  gap we are t r y i n g  t o  f i l l  w i t h  the model. 

Hi ldebrand: Well, I t h i n k  we can, at  t h i s  po in t ,  take  the  model and 
say t h i s  i s  an exce l l en t  t h i r d - o r d e r  approximat ion o f  what we have. We 
can work w i t h  t h a t  and produce some resu l ts .  Th is  i s  t he  f i r s t  t ime 
we have gone out  and seen the  phenomena. What he sees f i t s  observa- 
t i o n  very, very we l l .  

Un iden t i f i ed :  Is the  JAWS program cont inuing, and w i l l  there  be a 
fo l low-on t o  MIST?  

U n i d e n t i f i e d :  
was fo l lowed by an operat ional  attempt o f  CLAWS one o r  two years 
l a t e r ,  and the  ana lys is  o f  the  JAWS data i s  cont inu ing.  There i s  some 
numerical analys is .  

Yes, the  JAWS program was a one-year f i e l d  program; i t  
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Campbell: Who i s  doing t h a t ?  You? 

Hildebrand: No, I ' m  not  on the  JAWS p ro jec t .  McCarthy and h i s  s t a f f  
are working on tha t ,  and the re  i s  some numerical work going on. There 
i s  s t i l l  some ana lys is  o f  JAWS data. 

Campbell: Th is  i s  a l l  funded by NSSL? 

Hildebrand: No, i t  i s  funded by the  FAA. The FAA i s  the  major 
sponsor o f  a l l  t h i s  work. 
types o f  a c t i v i t y ,  and a good p o r t i o n  o f  JAWS i s  a l so  beamed a t  the  
t r a i n i n g  problem. But it i s  c e r t a i n l y  going on, and the re  are p lans 
f o r  them t o  co l l abo ra te  t o  some ex ten t  on the  MIST program. But they 
are also moving more and more i n t o  opera t iona l .  L e t ' s  t ry  out pro- 
t e c t i n g  Stapleton A i rpo r t ,  as an exerc ise  i n  terms o f  Doppler radar 
problems. So you can see they are going i n  another d i r e c t i o n ,  and 
complet ing answering these problems, so I t h i n k  i t  would be a lso  
proper t o  go back t o  JAWS and say, these are s p e c i f i c  quest ions we 
would l i k e  some answer t o  t o  he lp  t h i s  p r o j e c t .  
d i r e c t i o n  would be very w e l l  received by them. 

It i s  the  major con t inu ing  sponsor o f  these 

That k i n d  o f  

Campbell: 
t he  ground-based program. 
as the  new program and how i t s  synergism could be obtained. 

It would r e a l l y  be good t o  have a b e t t e r  understanding o f  
I don ' t  have t h a t  much understanding as f a r  

Hildebrand: 
f o r  JAWS, I t h i n k  it would be a good l i s t  o f  questions. 

I f  we could prov ide a l i s t  o f  quest ions about mic roburs ts  

Campbell: How many t e s t  s i t e s  are there;  how many antennas are 
invo lved on the  ground-based system on the  long-range MIST program, I 
don ' t  have any idea. 

Un iden t i f i ed :  How many years does MIST run? 

Hildebrand: I t i s  a one-year p ro jec t .  You probably know a l o t  more 
than I do about it. 

Un iden t i f i ed :  What i s  NCAR's involvement? 

Un ident i f ied :  
a i rp lane  and a... 

For MIST, we are supply ing a couple o f  radars and an 

Bowl es : FAA i s  supply i  ng the  Evans/MIT te rmina l  Doppler capabi 1 i ty  . 
Unident i f ied :  I t ' s  about a four-month p r o j e c t  over the  summer. 

Hildebrand: Yes, i t  i s  a long f i e l d  p r o j e c t  and invo lves  extens ive 
sur face network which NCAR i s  p rov id ing  radars, t he  FAA/MIT Evans 
radar,  NCAR radars, a whole f l e e t  o f  NASA a i rp lanes.  I wouldn ' t  be 
surpr ised i f  the  NOAA P-3 gets en t ra ined i n t o  t h a t  program wi th  i t s  
a i rborne Doppler radar. 
ground. You cou ld  f l y  down a t  a few hundred meters as long as you can 
convince the  p i l o t  t o  go. 

A good oppor tun i ty  t o  f l y  very c lose  t o  the  
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Bowles: NASA has a major funding component t h a t  goes through Dodge's 
o f f i c e  up a t  HQ, i n  Space Center. The program i s  p r i m a r i l y  conducted 
out  o f  Marshal l ,  look ing  a t  the  c loud physics. We have asked HQ "What 
r e l a t i o n s h i p  could be es tab l i shed t o  the aeronauatics program?'' 
because we t h i n k  the re  i s  some in fo rmat ion  we need t o  t r a n s f e r  out o f  
t h a t  onto the  a v i a t i o n  side, because we have got a l o t  o f  s c i e n t i s t s  
over there,  and t h a t  hasn ' t  worked out so we1 1. I t h i n k  we probably 
need t o  go back ... headquarters. Not t ha t  we won't d i c t a t e  anything, 
bu t  a t  l e a s t  be aware and be the bene f i c ia ry  o f  the  progress and the  
data base and...early on fo r  the  aeronaut ics app l i ca t ion .  

Schlickenmaier: 
you can walk i n  w i t h  those s p e c i f i c  requirements and you need a ground 
c l u t t e r  data base t o  be incorporated i n t o  the  so-ca l led average wind 
f i e l d .  

I t h i n k  you made a p a r t i c u l a r l y  good p o s i t i o n  t h a t  

Hi ldebrand: I could t h i n k  o f  a whole l i s t  o f  requirements, i n c l u d i n g  
some pro to type a i rborne  Doppler data from the  P-3 t o  he lp us. 

Bowles: 
methodology t h a t  they are t a l k i n g  about: 
te rmina l  Doppler program? Can we k i l l  a couple o f  b i r d s  w i t h  one 
stone? Those fe l l ows  have a ground c l u t t e r  problem and a moving 
ground c l  u t t e r  problem. When the  a i  r p l  anes t a x i  around the  a i  r p o r t  , 
f u e l  t rucks  running around, does anybody know the  answer t o  t h a t  
quest ion? Could we be doing something here t h a t  may j u s t  support t h i s  
because i t  could have a sp in -o f f  t o  the TDWR? O r  are, i n  fac t ,  they 
doing it? 

Hildebrand: 

A quest ion t h a t  seems t o  come t o  my mind was t h i s  s o r t  o f  
Would t h i s  he lp support t h e  

Consider the  s y n e r g i s t i c  l i n k s  t h a t  need t o  be explored. 

Un iden t i f i ed :  
average...at low a l t i t u d e ,  and i n  order t o  make the  p i c t u r e  complete I 
know t h i s  is. . .character izat ion and get some help from aeronaut ics,  
from many landings a l l  over the  world. 

We have been t a l k i n g  about cha rac te r i za t i on  o f  

( U n i n t e l l i g i b l e  comment) 

U n i d e n t i f i e d :  I was happy t o  hear Herb say t h a t  he i s  t h i n k i n g  i n  
terms o f  having some of t h a t  done; that i s  very important.  Actual  
opera t iona l  experience i n  charac ter iz ing  that...at low a l t i t u d e ,  and 
t h i s  work can he lp  ... 
Un iden t i f i ed :  
r e l a t i o n  t o  microbursts? 
say a h i  gh-a1 ti tude mountain wave? 

Where does the  problem o f  mountain wave f i g u r e  i n  
Is ground microburst  harder t o  de tec t  than 

Robertson: Maybe from a meteorological  standpoint ,  Peter might be 
b e t t e r  t o  address t h a t  question. 

Hi ldebrand: I t h i n k  the  microburst ,  even i f  i t  i s  dry, t he  atmo- 
spher ic  p a r t  o f  i t  has a r e f r a c t i v e  index grad ien t  t h a t  t he  radar  
should be able t o  see. Unfor tunate ly ,  it has got t he  ground s i t t i n g  
the re  r i g h t  next t o  it. So, wi th your lousy a i rborne  radar antenna 
beam pat terns,  you ti lt your radar up 5, 6, 7 degrees and hope t h a t  
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t h e  edge of your beam catches enough s igna l  t o  get a response. That 
i s  very, very d i f f i c u l t  t o  do. For the  mountain wave, you have many 
cases w i t h  almost no f l u c t u a t i o n  from anyth ing t h a t  t he  radar can see, 
and almost no sca t te r i ng .  There i s  no r e f r a c t i v e  index gradient ,  
t he re  i s  no p o l l u t i o n  up there,  t h e r e  are some bugs and dust. A LIDAR 
would be a greal  t o o l .  I t h i n k  radar  technology i s  probably the  wrong 
techno1 ogy f o r  c l e a r  a i  r turbulence. 

Staton: The frequencies are too  high. I f  you come down t o  L-band o r  
UHF, you r o u t i n e l y  see these th ings,  because the  scale o f  turbulence 
i s  such t h a t  you get changes on the  sca le  o f  a wavelength. I f  you go 
towards X-band, they j u s t  are not  g e t t i n g  t h a t  much energy i n  turbu-  
lence scales t h a t  s ize.  So i t  gets tough. You go t o  even h igher  
frequencies t i l l  you are l ook ing  a t  some gra iny  l i t t l e  aerosols o r  
some k ind  o f  p a r t i c u l a t e s  t h a t  a l a s e r  can see. 

L y t l e :  Well, MIST i s  supposed t o  be next summer, t he  data a c q u i s i t i o n  
pa r t .  Is t he re  any fo l low-on planned? 

Un iden t i f i ed :  For data a c q u i s i t i o n ?  No, not  t h a t  I know of.  

Hildebrand: I assume t h a t  there  w i l l  be another th ree  years down 
road, bu t  a t  t h i s  po in t ,  MIST  i s  the  next b i g  e f f o r t ,  next  summer 
next spr ing.  

Staton: Which i s  the  o r i g i n a l  p lan we have? That could be ready 
t h a t  season? 

Un iden t i f i ed :  I j u s t  want t o  make sure the re  was not  any t h a t  we 
on a t ime scale t h a t  might f a c t o r  i n t o  the  planning. 

Staton: Peter,  you t h i n k  maybe th ree  years hence the re  might be? 

Hildebrand: I would guess t h a t  w i t h  the  present i n t e r e s t  i n  t h i s  
o f  phenomena, t h e r e ' s  a b e t t e r  than 50% chance t h a t  w e ' l l  have another 
mission i n  th ree  o r  f ou r  years, and t h a t  seems t o  be about the  t ime 
scale between major f i e l d  experiments, you know. M I S T  w i l l  take p lace 
i n  Hun tsv i l l e .  I t h i n k  MIST  i s  a great  oppor tun i ty  t o  t h i s  e f f o r t ,  
because I t h i n k  the re  i s  a whole bunch o f  quest ions t h a t  can be 
b a s i c a l l y  pu t  down t o  demands t h a t  M I S T  must meet. How can they have 
a l i s t  o f  impor tant  t o p i c s  i n  a l l  t he  senses and f i e l d s  f o r  something 
as important as t h i s  and not  c o l l e c t  data? That i s  j u s t  another one 
i n  our camp. That i s  j u s t  a l i t t l e  more work on our par t .  

t h e  
o r  

f o r  

d i d  

t Y  Pe 

Schlickenmaier: 
about s imu la t ion  c a p a b i l i t i e s .  To the  best o f  my knowledge, Harry, I 
don ' t  know o f  any mass modeling s imu la t i on  f a c i l i t i e s  t h a t  are a v a i l -  
ab le  r i g h t  now t o  the  te rmina l  Doppler weather radar  program, which we 
could make use of .  It i s  an i n t e r e s t i n g  c a p a b i l i t y  a t  the  very l e a s t ,  
t o  be able t o  e s t a b l i s h  here a f a c i l i t y  f o r  doing numerical modeling 
of radar systems. 
both the radar system and modeling o f  t he  atmosphere. 

Unident i f ied:  
radar system modeling. 

Roland, g e t t i n g  back t o  the  p o i n t  you brought up 

And, f o r  our s p e c i f i c  app l i ca t i on ,  for  modeling 

To the  best  o f  my knowledge, you are no t  doing any 
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Schl ickenmaier:  No, we're not. 

(Two minutes, mul t i -speaker  d iscuss ion)  

Un iden t i f i ed :  
modeling: wind f i e l d ,  r a i n  drops, moisture. I'm not sure you are  
t a l k i n g  about modeling d i f f e r e n t  techniques w i t h  radar, or... 

I t ' s  no t  SO much radar  modeling as i t  i s  meteorological  

I 

Hi ldebrand: I n  order  t o  model what a radar would see i f  i t  looked f o r  
something, you need an accurate desc r ip t i on  o f  what the  atmosphere i s  
l i k e ,  and what the  ground i s  l i k e ,  and a l o t  o f  t h a t  work has a l ready 
been done f o r  microbursts ,  i n  t h a t  you have the  best  model I ever seen 
of one. You simply have t o  add a ground c l u t t e r  model t o  tha t .  Well, 
t h e r e  i s  some data and it would be simple t o  put i n  a f i r s t - o r d e r  
approximat ion there,  and gradua l ly  sweep up t h a t  p a r t  o f  t h e  
desc r ip t i on .  

U n i d e n t i f i e d :  You make i n d i v i d u a l  measurements on s p e c i f i c  ta rge ts :  
b u i l d i n g s  and s t u f f ,  for  example, then add those d i s c r e t e l y  t o  the  
ground radar model. 

Hi ldebrand: 
model then; once you have t h a t  you could numer ica l l y  s imulate a radar 
scanning tha t .  . . 

You cou ld  put together  a very reasonable ground c l u t t e r  

Schlickenmaier: And, the  s l i c k  p a r t  here i s  t h a t  you have almost a 
f u l l  data package, winds included, i n  the c a p a b i l i t y  t o  do a i r c r a f t  
s imu la t ion ,  so you know you can a c t u a l l y  go through d e f i n i n g  t h e  
hazards i n  terms o f  how the  a i r c r a f t  i s  going t o  respond w i t h  a 
p i l o t  ... and a c t u a l l y  e i t h e r  rea l  time, o r  you post-process what the  
radar  image would be able t o  show you, and then no t  on ly  g ive  you the  
p i c t u r e  o f  how the  radar i s  going t o  perform i n  a s t e r i l e  environment, 
bu t  you can a c t u a l l y  t i e  it t o  how the  a i r p l a n e  responded and how much 
o f  a hazard was t h e r e  dur ing  the f l i g h t .  What I 'm hear ing from Roland 
i s  t h a t  once radar  s imu la t ion  c a p a b i l i t y  i s  brought up t o  speed, we 
cou ld  probably apply it t o  some o ther  TDWR app l i ca t i on .  It provides a 
neat l i n k ,  I think--Roland, co r rec t  me i f  I'm wrong--but beyond j u s t  
having p i c t u r e s  o f  r e f l e c t i v i t y ,  t h a t  can be fed i n t o  a radar map 
model, we can t i e  t o  some known performance on how an a i r c r a f t  i s  
going t o  respond. It i s  a n ice  l i n k  between the  atmosphere and the  
radar. 

Bowles: I t h i n k  t h i s  i s  an i n t e r e s t i n g  p o i n t  t h a t  you ought t o  b r i n g  
up about tu rbu lence on Fr iday.  I j u s t  c a n ' t  come up w i t h  a f e e l  on 
how much t r a n s f e r  technology w i l l  occur here when one guy i s  working 
on a b i g  antenna and another guy i s  working on a small antenna, and 
one guy i s  t r y i n g  t o  do a scan problem ... But regard less o f  t ha t ,  i t  
seems t o  me t h a t  i f  I understand the presentat ions yesterday 
c o r r e c t l y ,  t h a t  t he  key elements here are (1) the re  a r e n ' t  going t o  be 
enough mic roburs t  encounters i n  an R&D program t h a t  you can boot 
together  some hardware and jump r i g h t  i n t o  a f l i g h t  t e s t  program, and 
say, yep, t h i s  works and then tweak, tweak, tweak, you have something 
t h a t  goes. 
where 98% o f  the  tweaking and de f i n ing  i s  going t o  be done, and then 
take  your chances on some k ind  o f  white desk e f f o r t  a f t e r  tha t .  

You are  going t o  have t o  go through a s imu la t ion  stage 
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Everyth ing f r o m  sensor t o  raw radar design a l l  t he  way through t h e  
p i l o t ' s  d i sp lay  i s  most l i k e l y  going t o  have t o  be done through 
s imulat ion,  and the  b e t t e r  t h a t  s imu la t ion  i s ,  the  more l i k e l y  you are 
t o  have a product t h a t  f l i e s  a t  t he  end. Something t h a t  w i l l  convince 
C o l l i n s  management o r  whoever, t h a t  t h i s  i s  indeed a buyable product. 
So, I agree t h a t  the  numerical modeling of the  atmosphere i s  c e r t a i n l y  
c ruc ia l .  As I understand it, the  on ly  t h i n g  t h a t  r e a l l y  i s  miss ing 
there  i s  exac t l y  what the  microburst  does i n  the  lower  200 meters. I 
t h i n k  that...his model looks p r e t t y  r e a l i s t i c .  My reac t i on  t o  it, I ' m  
not  the microburst  expert ,  I j u s t  s i t  here l i k e  a mic roburs t  expert .  
That i s  one key, and I t h i n k  i t  i s  t o  have the  numerical modeling o f  
t h e  atmosphere, and the  o ther  key i s  t he  numerical modeling o f  radar,  
and somebody l i k e  Leo i s  the  person who r e a l l y  understands t h a t  aspect 
o f  th ings,  p a r t i c u l a r l y  t h e  problem o f  ground c l u t t e r  handl ing,  and 
t h a t ' s  a whole other  area o f  exper t i se ,  and another model, and they 
l i n k  together.  Once you develop t h a t  model, if you b u i l d  i t  r i g h t ,  
i t ' s  a f a i r l y  general model. 
scans one way and can model ground-based radar wi th  narrow beam and a 
d i f f e r e n t  wavelength, d i f f e r e n t  pu lse length,  o r  it w i l l  scan some 
o ther  way. 

Un iden t i f i ed :  
Langley, you are? 

B r i t t :  Ac tua l l y ,  we've done it. We have made a Monte Car lo  model o f  
t h e  r a i n  and so f o r t h  which we're upgrading t o  have a look a t  homo- 
geneous c e l l s  and th ings  l i k e  tha t .  
a c t u a l l y  use Rol and's model. 

Un iden t i f i ed :  
you are t a l k i n g  about. 
I ' m  speaking from a p o i n t  o f  view, but  r e a l l y  could be a t  NASA Head- 
quar ters  on j u s t  whoever's pocket we... 

Staton: To get one stage c lose r  f o r  seeing a rea l  microburst ,  we've 
got t o  have r e a l i s t i c  ground c l u t t e r  data. 
radar and look a t  rea l  ground c l u t t e r .  

It can model an a i rborne  radar t h a t  

Les, o r  Leo, who i s  doing the  radar  modeling here a t  

And, we're going t o  upgrade i t  t o  

So, you guys are a l ready heading down t h i s  road t h a t  
It appears t o  me t h a t  i f  we were going t o  say, 

So, you've got t o  f l y  a 

Un iden t i f i ed :  A minute ago, I asked and somebody sa id  we can throw a 
f i  r s t -o rde r  approximation.. . 
Hildebrand: 
no t  good enough f o r  t h e  f i n a l  use o f  t he  model t o  s imulate your  ac tua l  
radar, but  i t  i s  going t o  take a wh i l e  t o  get every th ing  t o  t h a t  
po int ,  and so one o f  t he  steps i s  then t o  c o l l e c t  some rea l  ground 
c l u t t e r  data, us ing  whatever radar o f  oppor tun i ty  you can grab. 

That 's  good enough f o r  the  modeling development; t h a t  i s  

Robertson: No, t h a t  i s  not  t he  t h i n g  t o  do. Maybe--Leo can c o r r e c t  
me--but I do not  be l i eve  it has t o  be a microburst  de tec t i ng  radar t o  
c o l l e c t  the  ground c l u t t e r  data. 

Staton: 
t o  decide t h a t  t h a t  type  ought t o  be your  best shot a t  i t  before you 
go get t h a t  data. 

You are going t o  need a spec i f i c  radar type  and you have got 
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Robertson: That i s  t rue ,  but  i t  does no t  have t o  so lve the  wind shear 
problem i n  order  t o  c o l l e c t  the  raw data. 

Bowles: You showed us some data yesterday w i t h  your radar s i t t i n g  on 
t h e  ground, where you suppress c l u t t e r .  That i s  a radar o f  an 
a i rbo rne  va r ie t y .  The d i f f e r e n c e  between what you had w i t h  the... 

Robertson: What our radar  does i s  e i t h e r  make a mix o f  recogn i t ion ,  
i t  i s  e i t h e r  ground c l u t t e r  o r  i t  i s  not, and i f  i t  i s  ground c l u t t e r ,  
i t  i s  removed from the  d isp lay.  It does not  have any c a p a b i l i t y  t o  be 
contaminated by the  ground, take i t  out, and then s t i l l  preserve the  ... The t h i n g  t h a t  i s  needed i s  the  d e t a i l e d  model o f  the  ground, 
because the  s ignature  of t he  ground t h a t  we used t o  recognize and one 
o f  t he  keys i n  determin ing the  ground and removing it i s  very 
complicated. Not on ly  does the  ground have a r e f l e c t i v i t y  character-  
i s t i c  and i t s  s p a t i a l  d i s t r i b u t i o n  and ta rge t ,  bu t  it a lso  has 
s c i n t i l l a t i o n  f requencies t h a t  a l l  go along w i t h  it, and t h a t  gets 
f u r t h e r  compounded by the  p l a t f o r m  motion, so I t h i n k  the  rea l  data i s  
very important.  

B r i t t :  
out  and get t h i s  th ing.  It has t o  be instrumented w i t h  h igh  data 
rates,  data storage, and t h a t  s o r t  o f  th ing ,  because o f  the  f i n e  
po in ts  o f  t h i s  c l u t t e r .  You know c l u t t e r  i s  not j u s t  ne ighbor ing 
r e f l e c t i v i t y .  You need the  s t a t i s t s i c a l  c h a r a c t e r i s t i c s ,  t he  co r re la -  
t i ons ,  and espec ia l l y  i f  you go t o  higher frequencies, you need 
d e t a i l e d  s t u f f  t h a t  you can on ly  get from a radar t h a t ' s  got a data 
a c q u i s i t i o n  system on it. 

Hildebrand: I f i n d  i t  hard t o  be l ieve t h a t  t h i s  data set  doesn' t  
e x i s t .  The problem i s  simple: i s  i t  ava i lab le ,  o r  unava i lab le  
because i t  i s  c l a s s i f i e d ?  

Le t  me p o i n t  out  too, you can ' t  j u s t  take any o l d  radar and go 

Un iden t i f i ed :  But the  o ther  t h i n g  i s ,  t h a t  somebody saying t h a t  t he  
modeling, t he  a n a l y t i c a l ,  can proceed f i r s t  because o f  the  t ime scale 
invo lved,  you can ' t  wa i t  u n t i l  you have a l l  o f  the...hecause t h e  lead 
times are too  long. Here, you are t a l k i n g  ten  years from now it w i l l  
be too  long. 

Un iden t i f i ed :  
t h a t  are abso lu te ly  necessary t o  get t o  a workable radar, and pu t  
these i n  p a r a l l e l  ra the r  than i n  ser ies.  

OK, wel l ,  it i s  important t h a t  we i d e n t i f y  those tasks 

Robertson: Yes, I agree w i t h  t h a t  t o t a l l y .  The t h i n g  t h a t  I t h i n k ,  
t h e  p o i n t  t h a t  Peter was making i s  t ha t  you can take a f i r s t  crack a t  
it, t h e  ground c l u t t e r ,  j u s t  t o  get the model working, and get t h e  
radar  s imu la t ion  working, but then i n  order  t o  r e f i n e  the  so lu t i on ,  
how do you deal w i t h  t h a t ?  
becomes important.  

Then the  d e t a i l  o f  t h e  ground c l u t t e r  

Hi ldebrand: 
probably ignores the  ground c l u t t e r  problem, so you have a gener ic  
idea on what i t  looks l i k e .  F ind a radar t h a t ' s  roughly l i k e  t h a t ,  
and go c o l l e c t  ground c l u t t e r  data. When you have the  second-order 

You need t o  go through a f i r s t  design o f  t he  radar t h a t  
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model ground c l u t t e r  i n  your s imu la t i on  model , then you s t a r t  p lay ing  
t h i s  th ing  around. 

Un ident i f ied :  You cou ldn ' t  be making an equ iva len t  statement then 
about microburst  s ignature.  You could make a f i r s t - o r d e r  approx i -  
mation now based on JAWS data, but  you probably need the  MIST program 
t o  come up w i t h  the  ref inements on t h a t  s ignature,  t o  get some idea 
how t o  do the  second-order work w i t h  the  s imulat ion.  

L y t l e :  Well , t h i s  i s  a wind shear detector ,  not  necessar i l y  a micro-  
b u r s t  detector .  So i f  you can approximate the  wind shear and de f i ne  
t h e  wind class,  i f  i t  covers the  c lasses o f  wind shear invo lved then 
it should be app l icab le  here. 

Robertson: I be l ieve  t h a t  t he  modeling f o r  the  meteoro log ica l  p a r t  o f  
t h i s  i s  much f a r t h e r  along than the  ground, and I t h i n k  the re  i s  a l o t  
o f  catch-up t h a t  needs t o  be done. 
q u a l i t y  f i e l d  data a l ready taken on the  microburst  and wind shear 
cases, but  t he  ground c l u t t e r  data i s  lagging.  

There i s  a l o t  o f  very h igh  

L y t l e :  Roy, I would l i k e  t o  say one o ther  th ing .  You are not t a l k i n g  
about a radar; you are t a l k i n g  about a data system and a source of 
r a d i a t i o n  i n  a p a r t i c u l a r  fashion. You don ' t  need those elements o f  
d isp lay  and so fo r th .  
r e t u r n  data process. We are not t a l k i n g  about a radar, per se; we are 
t a l  k i  ng about 1 aboratory  i n s t  rumentat i on , col  1 ected and put together  
t o  form a source o f  r a d i a t i o n  and a way o f  p u t t i n g  t h i s  d i g i t a l l y  on 
tape a t  a h igh  data ra te ,  so t h a t  you have now a r e t u r n  o f  the  c l u t t e r  
in fo rmat ion  preserved i n  the  raw form. Now, t h a t  i s  d i f f e r e n t  from a 
radar. 

You're r e a l l y  t a l k i n g  about a c q u i s i t i o n  o f  

Robertson: Well, not  r e a l l y .  I t h i n k  what you probably chose t o  do 
i s  you probably chose t o  take a radar where you can get a t  the  IQ 
output i n  a form and run a h igh  speed analog data recorder.  I don ' t  
know, how would you do i t? 

Staton: Taking a packaged radar and having t o  go i n t o  it, and p u l l  
out  t e s t  po in ts  and connect ing po in ts  i s  a whole j o b  unto i t s e l f  t h a t  
we can r e a l l y  bypass here i f  we can assemble l abo ra to ry  equipment t o  
make up the  device. 

Un iden t i f i ed :  You'd use HP synthes izers,  you could use switches... 

Hildebrand: I f  you could, t h a t  i s  what you would want. 

L y t l e :  We looked i n t o  us ing a C o l l i n s ,  which i s  an a i rborne  source, 
bu t  no packaged radar has the  degree o f  f l e x i b i l i t y  t h a t  you need; i t  
was designed s p e c i f i c a l l y  t o  a func t ion .  Now you may want t o  l a t e r  on 
change your  RF modulation. 
So. YOU want the  f l e x i b i l i t y ,  so it i s  s imply a rack of equipment t h a t  

You may want t o  go l i n e a r  FM, whatever. 

w i i l l s e r v e  the  
no t  a radar. 

H i  1 debrand: I 

p o i n t  o f  sourc ing and rece iv ing  a r e t u r n  s ignal .  

was suggest ing a pedest r ian l o w  budget. 

I t ' s  
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U n i d e n t i f i e d :  
was p resen t l y  unfunded and... 

You showed a schedule yesterday t h a t  had hardware t h a t  

Staton: And t h a t  i s  t h i s  scenario t h a t  i s  being t a l k e d  about now. 

U n i d e n t i f i e d :  So t h a t  
r e a l l y  i s  j u s t  as c r i t i c a l  a p o i n t  as g e t t i n g  the  radar  model done. 

That i s  what we are t a l k i n g  about r i g h t  here. 

Staton: Not r e a l l y ,  because we can s t a r t  t h a t  r i g h t  away, and we know 
t h a t  i t  bears on every th ing  we do i n  the fu tu re .  So we are  going t o  
do t h a t .  We have t o  do t h a t  f i r s t .  These o the r  th ings  add rea l i sm 
i n t o  i t  as soon as we can, b u t  two and a h a l f  years down the  road from 
now, we may be ab le  t o  s t a r t  g e t t i n g  rea l  radars. It i s  n o t  cheap. 
I t ' s  n o t  j u s t  a couple o f  people working on computers. It i s  a f a i r l y  
expensive p r a c t i c a l  p r o j e c t .  And i f  you have design t ime and enough 
l e a d  time, b u t  b e t t e r  n o t  s t a r t  too la te ,  because you can ge t  t o  t h a t  
c r i t i c a l  p lace where you s t a l l  r i g h t  there. 

Robertson: Every th ing  r e s t s  on simulat ion.  

Un iden t i f i ed :  L e t  me ask you another non-radar question. We a r e  
making the  assumption a t  t h i s  p o i n t  t h a t  t he  a i rborne  radar  i s  l o o k i n g  
i n t o  a ground c l u t t e r  s i t u a t i o n  t h a t  i s  t o t a l l y  passive. 
words, i f  you are going i n t o  LaGuardia, you are l o o k i n g  a t  m i les  and 
m i les  o f  pavement and you may be going i n t o  Pensacola, you are l o o k i n g  
a t  t h ree  m i les  o f  water w i t h  a runway a t  t he  end, and i t  j u s t  seems t o  
me t h a t  the ground c l u t t e r  s i t u a t i o n  would be e n t i r e l y  d i f f e r e n t .  So, 
from a radar s ignature  p o i n t  o f  view, t h a t  g ives you a b i g  spectrum o f  
ground c l u t t e r  t h a t  you have t o  deal wi th,  and then you are l o o k i n g  
f o r  t h i s  l i t t l e  c h a r a c t e r i s t i c  s ignature on t h a t  b i g  spectrum so you 
can s e t  up. 

I n  o rder  

Hildebrand: That  i s  a very accurate assessment. 

Un iden t i f i ed :  Now, l e t  me ask you t h i s .  I s  t he re  something t h a t  
cou ld  be done on the  ground? I ' m  t h i n k i n g  o f  a simple-minded t h i n g  
l i k e  a corner  r e f l e c t o r  o r  something a t  the runway t h a t  cou ld  now g i v e  
you a b i g  spike from the  signal  a t  the p lace  where you are  t r y i n g  t o  
suppress c l u t t e r  o r  something l i k e  that ,  t h a t  would a l l ow  you t o  do a 
very a r t i s t i c  j o b  on suppression and now look  f o r  a s igna l ,  and say 
something l i k e  t h i s :  i f  we cou ld  put  something on the ground t h a t  i s  
r e l a t i v e l y  inexpensive, then we could do t h a t  a t  a l l  600 a i r  c a r r i e r  
a i r p o r t s ,  no problem w i t h  t h a t .  That would he lp  the  a i rbo rne  radar  
funct ions.  Does t h a t  change t h e  p i c t u r e  any? 

U n i d e n t i f i e d :  It would g i ve  you range t o  the end o f  t he  runway. 

U n i d e n t i f i e d :  It would g ive  you speed. 

L y t l e :  Yes, b u t  you should be ab le  t o  g e t  t h a t  anyway. You have g o t  
you r  beam t h a t  spreads o u t  and your  sidelobes t h a t  g i ve  you v e l o c i t y  
over the  whole spectrum, so a t  one p o i n t  s t r a i g h t  ahead... 

Staton: 
speed p rec i se l y .  

Yes, b u t  t h a t  one p o i n t  dominates, then you can g e t  t h a t  
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Hildebrand: I t h i n k  t h a t  t he  value o f  t h i s  suggest ion i s  t h a t  i t  i s  
outs ide the  normal realm o f  t h i n k i n g  of how you design a radar  t o  
measure something, and I don ' t  know how you use t h a t  idea, but  I 
suspect t h a t  it i s  an idea t h a t  should be considered on des ign ing t h e  
whole th ing. 

Un iden t i f i ed :  Well, i t  i s  j u s t  a sp ike i n  the  returned s igna l .  A 
sp ike can g ive  you t h e  v e l o c i t y  o f  t he  a i r c r a f t  and the  d is tance 
between you and t h a t  corner r e f l e c t o r .  

Un ident i f ied :  
would he lp t h e  func t i on  o f  t h i s  radar? 

I s  the re  something t h a t  we cou ld  do a t  the  a i r p o r t  t h a t  

Robertson: That i s  a neat idea t o  explore. 
quest ion o f  how it might be u t i l i z e d ,  but  t h a t ' s  c e r t a i n l y  another 
dimension t h a t  could be considered. I don ' t  know the  answer t o  t h e  
quest ion r i g h t  now, bu t  t h a t  i s  a good idea. 
instead of t h e  radar t r a n s m i t t i n g  down and look ing  a t  a r e f l e c t e d  
s igna l ,  i s  t he re  some k i n d  o f  inexpensive t r a n s m i t t e r  t h a t  we cou ld  
pu t  r i g h t  a t  the  th resho ld  o f  the  runway t h a t  looks up the  approach 
path? It i s  no th ing  but  a cheap t r a n s m i t t e r ,  and now you have a 
rece i  v e r  i n  the  a i  r p l  ane. 

I can ' t  answer t h e  

Another t h i n g  might be 

Staton: W e l l  , you might as we l l  put  a.. .screen on it, and send up the  
terminal  Doppler radar  d i sp lay  there.  

Un iden t i f i ed :  It seems t o  me t h a t  t he  t h i n g  t h a t  d r i v e s  cost  way up 
i n  the radar  i s  not s imply t r a n s m i t t i n g  the  s igna l  out, i t ' s  t a k i n g  
out  a very low energy r e f l e c t e d  s igna l  and doing a l o t  o f  processing 
on tha t  s igna l  and t r y i n g  t o  t u r n  i t  i n t o  something we humans can 
understand. That i s  why I ' m  saying we c o u l d n ' t  a f f o r d  i t  f o r  something 
l i k e  t h a t  a t  600 a i r p o r t s .  But, i f  you add a simple t ransmi t te r ,  bu t  
maybe the whole t h i n g  i s  s tup id,  but  i s  t he re  something o ther  than 
radar? 

B r i t t :  Are we j u s t  t r a d i n g  th ings  o f f  here, and j u s t  buying a new bag 
o f  worms? 

Un iden t i f i ed :  A bag o f  worms i s  a bag o f  worms, t h a t  i s  a l l  I ' v e  got 
t o  say, but  i f  i t  keeps a i rp lanes  from running i n t o  the  ground because 
o f  wind shear, you know, then t h a t  i s  another whole question. Sure, 
no matter what we do, I mean, whether you are t a l k i n g  about t rans -  
ponders o r  s a t e l l i t e  surve i l lance,  or  anyth ing else,  i t  a l l  ends up i n  
chaos sooner o r  l a t e r .  I guess what I ' m  say ing here i s ,  i f  the re  i s  
something simple we could do t o  make the  whole problem a l o t  s impler ,  
then tha t  should no t  be necessar i l y  discarded. 
t h a t  has a minor dependency upon something on the  ground t o  increase 
i t s  p r o b a b i l i t y  o f  f unc t i on ing  p roper l y  i s  not  necessar i l y  out of t h e  
p ic tu re .  The idea here i s  t h a t  t he re  i s  c e r t a i n l y  room f o r  a l o t  of 
i nnovat i ve t h i  n k i ng . 

An a i rborne  system 

Un iden t i f i ed :  One o f  t he  b i g  problems, as I see it, i s  t h a t  you need 
t o  have a l o c a l  o s c i l l a t o r  t o  heterodyne down t h i s  ground s igna l  t o  a 
zero s ignal  so they can be e a s i l y  sor ted  out. That could maybe he lp  
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t h e  problem, bu t  you would have a ground s igna l  t he re  already. 
spectrum would be q u i t e  narrow. 

The 

Robertson: That 's  t rue .  If there  i s  any t r a c k i n g  system, t h a t  w i l l  
be a rea l  b e n e f i t .  There i s  extremely l a r g e  va r ia t i on ;  you know you 
might have an approach l i k e  ours i n  the middle o f  an over water 
approach, l i k e  SEATAC, o r  over a bay, places l i k e  t h a t  o r  Los Angeles, 
w i t h  t r a f f i c  a l l  over. Memphis, Tennessee, we have a ground base 
i n s t a l l a t i o n  t h a t  has a l i t t l e  north-south l i n e  o f  turbulence about 
e i g h t  m i les  long, about 7 t o  9 o 'c lock  i n  the morning and 4:30 i n  t he  
af ternoon, so i t  does have a very important e f f e c t  because o f  t r a f f i c  
and o ther  th ings.  So, a l l  of t h a t  goes i n t o  making a wide range o f  
ground c l u t t e r  s i t ua t i ons .  

Un iden t i f i ed :  I n  o ther  areas, nav iga t ion  i n  p a r t i c u l a r ,  t he  FAA i s  
l ook ing  very much now a t  ways o f  c rea t ing  a dependency w i t h  the  l o c a l  
a i r p o r t  t h a t  might improve the  func t i on ing  o f  t he  system, and LORAN-C 
and GPS are areas where we are t a l k i n g  about p u t t i n g  another rece ive r  
a t  t he  a i r p o r t  t o  take out t he  e r r o r s  o f  s igna ls  propagat ing through 
the  atmosphere. 

Un iden t i f i ed :  What are some o f  the app l i ca t i ons  here f o r  LORAN-C? 

Un iden t i f i ed :  They are look ing  a t  d i f f e r e n t i a l  nav igat ion,  defense 
su rve i l l ance .  There are a l l  k inds o f  areas where the re  are a l o t  o f  
precedents f o r  t h i s  type o f  th ing .  

Bowles: Can I ask you a quest ion? I n  a case o f  f i x e d  ob jec ts  on the  
ground, a radar t h a t  i s  moving w i t h  a known speed, do I not know 
roughly  what t h a t  t r a n s l a t e s  i n t o  where the  frequency i s  sp ik ing? 

(Mu1 t i p l e  speakers, simultaneous comments) 

Staton: 
So you can ' t  use a f i x e d  one, you have t o  f i n d  where t h a t  i s .  

Every t ime you approach, t h e  speed i s  a l i t t l e  b i t  d i f f e r e n t .  

Hay: 
I saw a n o t a t i o n  t h a t  ground c l u t t e r  i s  a narrow-band s igna l  and 
tu rbu lence was a wide-band s igna l .  
cou ld  f i l t e r  out  t he  ground c l u t t e r  by p u t t i n g  it through a notch 
f i l t e r  and what l i e s  ou ts ide  o f  i t  i s  the turbulence. 

You know on one o f  the  discussions o f  t he  f l i g h t  on the  screen, 

So I would almost t h i n k  t h a t  you 

Staton: You would have t o  p lace the  notch? 

Un iden t i f i ed :  Right,  and hopefu l l y ,  t ha t  i s  your  zero frequency. 

Hay: Well, i t  can ' t  be near zero frequency. 

Un iden t i f i ed :  Well, i t ' s  much eas ie r  i f  i t  i s .  Then you heterodyne 
i t  out. 

Hay: 
i s  moving. So i f  you know what the  a i rp lane speed i s ,  you know you 
cou ld  pu t  t h a t  i n t o  your device and use it. 
me t h a t  you could f i l t e r  out  t he  ground c l u t t e r  and ins tead o f  t r y i n g  

You are going t o  heterodyne i t  a t  t he  speed t h a t  your a i rp lane  

Nevertheless, i t  seems t o  
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t o  black o u t  everything because there is a great b i g  signal there,  
just b l a n k  out the frequency spectrum t h a t  contains the ground 
clut ter .  Now a guy could say, well, if  the a i r  i sn ' t  mov ing ,  that  is  
the same speed as your ground c lu t t e r ,  b u t  I could argue t h a t  that  
could mean t h a t  i s  not a problem, so i f  you f i l t e r  out  the return from 
the nonmoving a i r ,  why, you haven't lost anything. 
lence, t h o u g h ,  t h a t  gives you the wide spectrum that  you want t o  
preserve and that  will stay outside the f i l t e r .  

I t  is the turbu- 

Bri t t :  
whatever a i  rpl ane speed is  because of the antenna 1 ooki ng o u t  
sideways . 
Hay: R i g h t ;  however, one nice t h i n g  is you can make the use of range 
g a t i n g .  So you can forget about sidelobes t h a t  are h i t t i n g  the ground 
closer. Like near ver t ical ,  because i n  that  s i tuat ion,  you get a l l  
the frequencies from zero frequency Doppler, meaning zero speed, t o  
the maximum speed essentially to  the range i n  w h a t  you are looking a t .  
Now, a l l  of these being a t  shorter range means you can blank those out 
by range gating, so now you have to  figure out a ring around the a i r -  
plane which  i s  a t  the same range that  you have t o  be looking forward, 
and these sidelobes of course have g o t  t o  be down, so that  helps you 
right there. 

I t h i n k  you got the ground c lu t te r  a l l  the way from zero t o  

Lytle: 
low; distance t o  the ground i s  closer probably t h a n  the distance t h a t  
you w a n t  to look ahead. 

Yes, b u t  you can' t  range gate necessarily i f  you are coming i n  

Hay: T h a t  i s  w h a t  your range gate is  for. When you range gate, you 
get rid of a l l  the s tuf f  closer. 

Lytle: You get energy from straight down a l l  along the ground. 

Hay: B u t  those al l  come before you open up  your range gates. So you 
don't see them. 

Lytle: Then you are only going t o  look a t  a f a r  distance, one range 
gate a t  a f a r  distance. 

Hay: One range gate a t  a time. 
system works. 
turbulence here, what i s  the turbulence here, what is a turbulence 
here. So, while you are looking a t  the turbulence here, you key out 
everythi ng  el se . 

Well, t h a t ' s  the way the Collins 
You know you can' t  make the map unless you say w h a t  i s  

Hildebrand: I t h i n k  what he is really saying i s  that  ground c lu t te r  
suppression should not be a to ta l ly  intractable problem. I t h i n k  i t  
i s  also t rue t h a t  i t  can be a tough problem that  we are not going t o  
solve here, and that  we could probably more productively come up w i t h  
a p lan  for how to  solve this whole problem. We need an approach to  
the massive problem here, not  jus t  the ground c lu t t e r  problem. 

I 

Hay: Seems l ike ground c lu t t e r  i s  the major problem. 
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Hildebrand: A s i g n i f i c a n t  problem, but no t  t he  major problem. 

Hay: What i s  b igger  than the  ground c l u t t e r  problem? 

Hi ldebrand: The sensor l ook ing  out i n  f r o n t  o f  your plane t o  g ive  us 
some i n t e l l i g e n c e  over the  f u l l  scanning of...if t he  problems are a 
l i t t l e  s impler,  than maybe achievable e a r l i e r  by l ook ing  a t  those few 
c e l l s  i n  f r o n t  o f  the  f l i g h t  path. 

Hay: 
you have a d i f f e r e n t  Doppler component, because t h e  angle between the  
angle you ' re  l ook ing  a t  and your  f l i g h t  path vector  i s  d i f f e r e n t .  But 
you can range gate, so t h a t  l i m i t s  t h e  amounts o f  range o f  c l u t t e r  you 
a re  l ook ing  at ,  and then you can frequency f i l t e r  t o  get r i d  o f  t he  
range o f  v e l o c i t y  you were l ook ing  a t .  What i s  l e f t  over, t h a t  i s  t he  
turbulence.  

The p o i n t  i s  t h a t  f o r  every range you have looked at ,  you know 

Hi ldebrand: 
the re  seems t o  be some very innovat ive  t h i n k i n g  going on and exchanges 
between people who know what they are t a l  k i n g  about. 
t h i n g  i s  t h a t  maybe t h i s  i s  the  meat f o r  a good workshop t h a t  you 
could ho ld  s h o r t l y  on ground c l u t t e r  suppression and some o f  these 
people from these b lack programs could come i n  who have been working 
w i t h  these problems w i t h  look-down, shoot-down radars there... 

There i s  something important going on I sense here, and 

The impor tant  

Staton: I f  they are black programs, they w i l l  on ly  l i s t e n  when they 
get here . 
Hildebrand: 
c l u t t e r  before. We may b e n e f i t  from t h e i r  experience. 

But t he re  are a number o f  people who have done ground 

Un iden t i f i ed :  Peter  i s  r i g h t .  I don' t  t h i n k  you can so lve the  
problem i n  t h i s  meeting today. But the k i n d  o f  exchanges going on 
here r e a l l y  g ive  me hope t h a t  t he  ground c l u t t e r  suppression problem 
i s  r e a l l y  t rac tab le .  
what they are t a l k i n g  about, p lus  some people who are working t h i s  
problem on the  m i l i t a r y  side. 

You may be g e t t i n g  people who are here who know 

Could be a very good workshop. 

Staton: I t h i n k  we need t o  do some homework be fore  we have t h a t  
workshop. 
where we are t a l k i n g  around the problem, and haven' t  go t ten  t o  the  
meat. 

Schlickenmaier: 
scale. I t h i n k  you are r i g h t .  

I don ' t  want t o  go through another saession l i k e  t h i s ,  

So, we need some t ime t o  go by, a f t e r  the  f i r s t  o f  the  year. 

Oh, yeah, I wasn't even t r y i n g  t o  suggest a t ime 

(Uni n t e l  1 i g i  b l  e )  

Un iden t i f i ed :  Are you t a l k i n g  about system requirements? I t h i n k  it 
i s  impor tant  t h a t  we understand whether you are t a l k i n g  about 
requirements f o r  t h i s  experimental system t h a t  needs t o  be put  
together  t o  c o l l e c t  t h e  ground c l u t t e r  data t h a t  then comes, o r  
s imu la t ion .  
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Schlickenmaier: ( U n i n t e l l i g i b l e )  

Un iden t i f i ed :  I guess you would c a l l  t h a t  radar  system c a p a b i l i t y .  
That 's a working pro to type o f  a wind shear de tec t i on  and avoidance 
system t h a t  you are t a l k i n g  about. 

( U n i n t e l l  i g i  b l  e)  

Bowles: 
assumption t h a t  t h e  moving ground c l u t t e r  problem was solved; we make 
t h e  assumption t h a t  the hardware can be b u i l t .  
c a p a b i l i t y  i n  an a v i a t i o n  k i n d  o f  way? 

I guess the quest ion you are asking i s  based on the  

How would we use the  

Schlickenmaier: What are we us ing it f o r ?  What k i n d  o f  concepts are 
we working on? 

Uni dent i  f i ed : You are t a l  k i  ng about the  opera t iona l  sensors. 

Schlickenrnaier: Well, not  q u i t e  t o  the  p o i n t  t o  t h a t  meaning, bu t  
yes. 

Un iden t i f i ed :  
t h e  techn ica l  sense are being p a r t l y  generated, i t  seems t o  me a t  t h i s  
po in t ,  because the  s imu la t ion  program based on the  data t h a t  i s  
c o l l e c t e d  and so f o r t h ,  i s  what w i l l  r e a l l y  d r i v e  the  answers there.  

I guess what I'm g e t t i n g  a t  i s ,  system requirements i n  

Schlickenmaier: The s p e c i f i c s  o f  what the  antenna s i z i n g  i s ,  what the  
frequency i s ,  what the  processing i s  t h a t  i s  invo lved i n  ground 
c l u t t e r  and how you do the  processing--these d e t a i l s  can be worked out 
l a t e r .  But what I see i s  more g lobal  l o c a l  system requirements t h a t  
look  a t  what k ind  o f  range, what k i n d  o f  proposed operat ion are we 
look ing  at .  Were you r e a l l y  t a l k i n g  about l ook ing  a t  a f u l l  scan w i t h  
a l l  sor ts  o f  contours? O r  are we t a l k i n g  about feeding an a i rborne  
Doppler w i t h  a radar- type a i rborne  wind shear de tec t i on  and avoidance 
package, where you have got i t  on radar, w i t h  i n fo rma t ion  i n  terms o f  
hypothe t ica l  ... some added number o f  po in ts  i n  f r o n t  o f  you on t h e  
f l i g h t  path o f  the  a i rp lane,  and those v e l o c i t y  curves, feeding i n t o  
somethi ng c a l l  ed a hazard. 

Now granted, you know both o f  these are going t o  take a l o t  t o  get to .  
I n  t h i s  case, t he re  i s  some f a i r  amount o f  ground c l u t t e r  suppression 
t h a t  needs t o  be done--some f a i r  understanding o f  f a i r l y  d e t a i l e d  
work, how you do the  scanning s t ra tegy ,  bu t  I ' m  t r y i n g  t o  back i t  o f f  
from the p i l o t  p o i n t  o f  view. Which one i s  going t o  g i ve  us the  best 
in format ion fo r  t he  f l i g h t  crew? 

Un iden t i f i ed :  
t he  wrong meeting t o  address t h a t  quest ion r i g h t  now. 
t o  the C o l l i n s  problem where they were working on the  turbulence 
de tec t ion  mode o f  t h e i r  radar, and as I understood what you said, t he  
quest ion came up, where do we se t  up our th resho ld  f o r  t u r n i n g  on the  
magenta? You got t h a t  by going t o  your  a i r l i n e  people and saying, 
where do we set  these th resho lds?  You have t o  have an understanding 
of what amount o f  gusts c o n s t i t u t e d  an upset t o  passengers, and what 
amount of gusts c o n s t i t u t e d  a hazard t o  the  s t r u c t u r e  of t he  a i rp lane.  

I understand what you are saying, and I t h i n k  we are i n  
Think ing back 
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But, you d o n ' t  go t o  radar engineers and ask them t h a t .  
o the r  peopl e. 

You go t o  

Schl ickenmaier: 
r e q u i r e  ments i n  the  cockp i t ,  o r  are we t a l k i n g  about feeding informa- 
t i o n  i n t o  a hazard computer w i t h  a f l i g h t  s ta tus  moni tor? When t h i n g s  
ge t  o u t  o f  bounds, t h e r e ' s  a go/no-go l i g h t .  

Are we t a l k i n g  about a system t h a t  conforms w i t h  

U n i d e n t i f i e d :  Yes, I guess what I ' m  saying i s  t h a t  quest ion i s  
something t h a t  needs t o  be addressed i n  a forum t h a t  inc ludes  q u i t e  
techn ica l  people and t h a t  i n p u t  becomes a design requirement f o r  t he  
k i n d  o f  people who are here. 

U n i d e n t i f i e d :  
contoured on t h e  l e v e l s  o f  shear; i t  may be, however, t h a t  the a i r l i n e  
eng ineer ing  people would say no, we r e a l l y  d o n ' t  want tha t ,  because we 
would be p r o v i d i n g  a d i sp lay  t o  the p i l o t  t h a t  i s  going t o  a l l ow  him 
t o  make dec is ions  on whether he has got a f l y a b l e  shear o r  not. 
may be us ing  t h i s  t h i n g  as a penet ra t ion  t o o l  r a t h e r  than an avoidance 
t o o l .  
f o o t  a re  known hazards; they are known t o  be in f requent ,  and t h e  
number o f  go-arounds t h a t  we would get as a r e s u l t  o f  j u s t  g i v i n g  t h e  
guy a go-around l i g h t  are so few t h a t  we r e a l l y  d o n ' t  want him t o  use 
t h i s  as a pene t ra t i on  t o o l .  You on ly  want a l i g h t  t h a t  t u rns  on i f  i t  
i s  a go-around. What I ' m  t r y i n g  t o  say i s  t h a t  i f  a l l  you need i s  t h e  
go/no-go l i g h t ,  then t h a t  sets one l e v e l  o f  requirements f o r  the 
designer. 
l e v e l s ,  t h a t  se ts  another design requirement, how accurate, etc.  So 
i t  seems t o  me t h a t  the box you want t o  f i l l  up the re  i s  c e r t a i n l y  an 
impor tan t  box and you need t o  ge t  together w i t h  AFO 210 people, t h e  
ATA people, and you know a l l  t he  r i g h t  people. Have them do some 
t h i n k i n g  about how an a i rborne  wind shear de tec to r  ought t o  func t ion ,  
and what ought t o  be displayed f o r  the p i l o t s .  How accura te ly  do they 
need t o  know th ings? How much lead  time do they t h i n k  they need f o r  a 
go-around s i t u a t i o n ?  And then l e t  t h a t  become a requirement t h a t  you 
can pass back t o  the  design people. 

Fo r  a d i sp lay  t h a t  sounds very a t t r a c t i v e  where you 

He 

We d o n ' t  want tha t .  Wind shears above X number o f  knots per 

I f  you need t o  be ab le  t o  contour on var ious  wind shear 

U n i d e n t i f i e d :  T h i s  may be a hard one t o  answer--doing t h i s  package, 
doing t h e  v i sua l  p resenta t ion  o f  data o f  some so r t ,  a t  some k i n d  o f  
mean 1 eve1 w i t h  r e f 1  e c t i  v i  ty data over1 ays w i t h  moving map d i  spl  ays. 

U n i d e n t i f i e d :  What do you see as the  t i m e l i n e  f o r  t h i s ?  

Schlickenmaier: Well, he re ' s  what we see as the  t i m e l i n e  t o  p rov ide  
some in fo rma t ion  f o r  t h i s  version; there i s  no p a r t i c u l a r  d i f f e rence .  
The amount o f  work i s  roughly the  same, and 1 know i t  from t a l k i n g  
w i t h  two f r i e n d s  up i n  the  Northwest Mountain region. Then they come 
back and say, w e l l  , why don ' t  you ask the  radar  guys about it? 

U n i d e n t i f i e d :  
what a re  t h e  radar  system c a p a b i l i t i e s ,  then I t h i n k  you have go t  t he  
r i g h t  people here t o  g ive  you a way, based on what you know now. What 
can we achieve w i t h  50-50 chance, what l e v e l  o f  performance do you 
t h i n k  i s  achievable w i t h  on ly  a 20% p r o b a b i l i t y  o r  97% p r o b a b i l i t y ?  
That  box, I t h i n k  you can f i l l  with these people. 

I f  the  quest ion you are asking i n  you r  o the r  box i s ,  
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Un iden t i f i ed :  
need to  somehow scope the  people who are going t o  make the  request 
what those requirements are anyway. I on ly  wanted t o  i n d i c a t e  the re  
i s  indeed some progress t h a t  has been going on f o r  some t ime here a t  
NASA, out  o f  which come some requirements f o r  dual frequency a g i l i t y ,  
where you probably need t o  d i sp lay  sectors  t o  g ive  what I c a l l  
advisory-type data, o r  could we get some r e a l l y  accurate data from 
radar  t h a t  would he lp us out, and we do indeed have the  concept where 
i f  you radar people can g ive  us the  winds ahead o f  the  a i rp lane,  we 
can use those winds t o  d i v i d e  the  power i n  a very advantageous way. 
The fac t  i s  we design path- i  n-the-sky and tunnel  -i n-the-sky d i sp lays  
t h a t  become colored, red o r  ye l l ow  i n  accordance w i t h  what the  radar  
sees ahead o f  the  a i rp lane,  i n  a way o f  wind changes. That i s  what 
the  a i rp lane i s  a f r a i d  of .  The r a t e  o f  change o f  t he  wind t h a t  i t  i s  
going t o  see. So i f  you radar  fe l lows,  sensor people, can g ive  us 
wind changes ahead o f  the  a i rp lane  i n  i t s  path, whether i t  i s  s t r a i g h t  
o r  curved, tha t  i s  what we are a f t e r .  We have means o f  d i s p l a y i n g  it. 
You are asking f o r  requirements t h a t  t he  system has on the  sensor. 
What should your sensor be prov id ing? I say g ive  us the  wind v e l o c i t y  
o r  ra te  of change o f  wind ahead o f  the  a i rp lane,  i n  the  path. 

There may be two boxes, depending on the  system. They 

Un iden t i f i ed :  A l l  o f  the  operators t h a t  I have dea l t  wi th ,  over here, 
and overseas, as we l l  as ATA, have sa id  t h a t  t he  f i r s t  l e v e l  of... 

( U n i n t e l l i g i b l e )  

Am I going i n t o  an area o f  inc reas ing  p o t e n t i a l  performance, o r  i n t o  
an area o f  decreasing p o t e n t i a l  performance? That 's  my po in t .  

Hildebrand: I t h i n k  i f  I were t o  t ry  t o  design t h i s  radar,  I wouldn ' t  
want t o  t ry  t o  get i n  on the  question, how do you decide what you show 
t h e  p i l o t ?  What I can t a l k  about i s  what k i n d  o f  raw data could I 
d isp lay?  What are the  types o f  der ived d i sp lays  t h a t  I can I t h i n k  o f  
p u t t i n g  out, and there  are a l o t  o f  people working on t h a t .  You apply 
a l l  o f  those ideas, bu t  o ther  th ings  I would a l so  t h i n k  o f  i n  do ing 
t h i s  are the l i m i t a t i o n  on where you have t o  look. Given 2000-foot 
a l t i t u d e ,  3-degree g l i d e  slope, and a maximum v e l o c i t y  i n  any d i r e c -  
t i o n  o f  a wind shear o f  20 meters per second, they are a l l - i n - a l l  
reasonable numbers, and airspeed o f  about 150 meters per second. You 
have t o  scan 15 degrees on each s ide  o f  a f l i g h t  path, and i f  you do 
t h a t ,  you are no t  going t o  miss seeing anyth ing t h a t  i s  going t o  h i t  
you, p rov id ing  it doesn' t  go f a s t e r  than 20 meters per second. Now 
a l l  of those numbers are debatable, bu t  the  f a c t  i s  t h a t  they are no t  
unreasonable numbers. The f a c t  i s  you cou ld  de f i ne  design c r i t e r i a  
such as those and l i m i t  where the  radar has t o  look and where i t  has 
t o  do t h i s  s p e c i f i c  job,  and I t h i n k  t h a t  sets  bounds on t h i s  whole 
problem. 

Robertson: From my p o i n t  o f  view, t h e  fundamental quest ion i s  how t o  
ex t rac t  the  raw data, and then given tha t ,  raw data us ing a radar  o r  
whatever technique t h a t  i s  most app l i cab le  then, your dec is ions  can be 
made t o  e i t h e r  d i sp lay  i t  i n  i t s  raw form, o r  maybe some in te rmed ia te  
forms such as inc reas ing  o r  decreasing the  performance, o r  a l l  t he  way 
reduced t o  a go/no-go decis ion.  The f a r t h e r  you go on t h a t  path, t h e  
more d i f f i c u l t  i t  i s .  I f  i t ' s  i n  i t s  raw form, then the  f a l s e  alarm 
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quest ion can always be overr idden by the p i l o t ' s  judgment, but  the  
f u r t h e r  downstream you go, then i t  plays the  f a l s e  alarm case and t h e  
burden i s  more secure ly  i n  the hardware. 
bes t  address a t  t h i s  p o i n t  i s  t h e  e x t r a c t i o n  o f  t he  raw data t o  begin 
w i th ,  and I t h i n k  there  are a l o t  o f  people who have exper t i se  i n  
gu id ing  how best t o  prevent it. 
how we approach the bas ic  problem a t  l e a s t  on the  surface. 
t he  techn ica l  issues t h a t  need t o  be addressed are very s i g n i f i c a n t ,  
and I might  l i k e  t o  suggest t h a t  we would modify what those tasks are, 
as f a r  as the  techn ica l  problems, and maybe lodge some. 

I t h i n k  the  quest ion I can 

I r e a l l y  don ' t  see a d i f f e r e n c e  i n  
I t h i n k  

Staton: One o f  the b i g  th ings  we have got t o  decide i s  whether we can 
commit t o  assembling a new scatterometer ( t o  avoid C a r r o l l  L y t l e ' s  
d i s t a s t e  f o r  the  word radar) .  We're going t o  assemble the  hardware t o  
do t h a t  funct ion--whether we can commit t o  doing t h a t  r i g h t  away o r  
whether we're going t o  s tay i n  t h i s  a l l - impor tan t  study phase f o r  one 
more year, and then commit t o  it. We are always a year away from 
having any hardware i n  hand. So, i f  we do wai t ,  we wa i t  one more 
year. 

Robertson: I t h i n k  the  e f f o r t s  we have t a l k e d  about here i n  terms o f  
d e f i n i n g  s imu la t ion  t o  t he  models are fundamental t o  every o ther  
approach regard ing the p lays and procedures and how the  in fo rmat ion  
w i l l  be used. As we l e a r n  more about the  sensing p a r t  o f  the problem, 
then t h a t  may have a very d i r e c t  bearing on what i s  p r a c t i c a l  o r  
des i rab le.  

( U n i n t e l l i g i b l e )  

Staton: We ought t o  make i t  c l e a r  f o r  everybody concerned t h a t  the  
hardware t h a t  I was j u s t  t a l k i n g  about i s  not the  p r o t o t y p i c a l  i n s t r u -  
ment; t h i s  i s  j u s t  something t o  quant i f y  ground c l u t t e r  and wind o f  
oppor tun i ty .  

U n i d e n t i f i e d :  The pro to type instrument has t o  come much f u r t h e r  down- 
A f t e r  the  s imu la t ion  s tud ies  are done, s o r t  of opt imize t h e  stream 

system 
missed 
assemb 
d i d n ' t  
system 

Staton 

parameters. I n  your presentat ion yesterday, Leo, maybe I 
it, but  I thought your  schedule was more o r ien ted  around t h e  
y o f  t h i s  hardware and the  need f o r  the  scatterometer and 
inc lude a l o t  o f  in fo rmat ion  about the  development o f  t he  radar  
model. 

It was i m p l i c i t ;  I j u s t  d i d n ' t  put  down mi lestones. That 
work i s  p resent ly  funded-at  a c e r t a i n  l e v e l ,  and i s  going ahead. 

Un iden t i f i ed :  That 's  OAST-funded, i s n ' t  i t? 

Staton: 
b u i l d  any hardware. So, t h i s  i s  a schedule based on no increased 
funding du r ing  t h i s  coming year  f o r  hardware. 

Un iden t i f i ed :  
d iscuss ing  here. 

Well, no t  completely, because we don ' t  have OAST money t o  

I guess your second po in t  i s  the  one we've been 
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Un iden t i f i ed :  What I was t h i n k i n g  was when you say the  wide bas is  fo r  
hardware design, I was t h i n k i n g  of t he  hardware being the  sca t te ro -  
meter hardware. 

Staton: 
o f  hardware, a scatterometer t h a t  i s  going t o  c o l l e c t  t he  ground 
c l u t t e r  data t h a t  feeds the  s imu la t i on  study which now prov ides the  
bas is  f o r  hardware design f o r  a p ro to type system. 

Yeah, t h a t  i s  what I ' m  t a l k i n g  about. You are c r e a t i n g  a se t  

Staton: It feeds back i n t o  the  s imulat ion.  

Un iden t i f i ed :  
about. 

I t ' s  then r e a l l y  two se ts  o f  hardware we're t a l k i n g  

Staton: 
commit t o  t h a t  range o f  performance t h a t  you want your  scat terometer  
a t .  

The computer work needs t o  be done i n  order  t o  be able t o  

You can ' t  do every th ing  f o r  everybody. 

Bowles: I hate t o  do it t o  you. Herb, l e t  me ask you a quest ion.  
Hardware i s  designed t o  do what? 

Staton: To gather p r i m a r i l y  rea l  a i rborne  look-down ground c l u t t e r  a t  
a i  r p o r t  env i  ronments. 

Bowles: N o t  a hardware design t h a t  i s  charg ing a t  a conceptual candi- 
date detect ion,  warning, and avoidance system. Some p a r t  o f  t ha t ,  
because when you gather t h i s  s o r t  o f  data, i t ' s  got t o  be i n  a context  
t h a t  gives you a best shot a t  what the  u l t i m a t e  i s  going t o  be. 

Bowl es: R igh t  . 
Robertson: From t h a t  v iewpoint ,  i t  i s .  

Un iden t i f i ed :  So what we are going through, i n  essence here, t h e  
t i m e l i n e  we need t o  send Herb back a b i t ,  i s  t h a t  you go through a 
s imu la t ion  modeling stage t h a t  a l lows you t o  op t im ize  t h e  design o f  
your  scatterometer towards what you t h i n k  are the  c h a r a c t e r i s t i c s  o f  
your  end-product prototype system. Then, you go through a hardware 
stage where you a c t u a l l y  c o l l e c t  your  data. P a r a l l e l  w i t h  tha t ,  t he  
radar  model and the  atmospheric numerical model are being created, 
which are now the  th ings  you are going t o  embed a l l  t h a t  data i n  once 
you c o l l e c t  it, w i t h  t h a t  scatterometer hardware. 
p a r a l l e l  modeling and s imu la t i on  path t h a t  i s  going on. 

So, t he re  i s  a 

Staton: 
l o t  of s t u f f  we can b r i n g  i n  wholesale. 

That i s  f a r t h e r  along, as I see i t  r i g h t  now. Roland has a 

Unident i f ied:  
w i t h  data from t h a t  p lus t h e  data from perhaps MIST and some of these 
o ther  programs, now keys i n  t o  t h i s  one g ian t  s imu la t i on  model t h a t  
a l lows us t o  opt imize parameters f o r  a t h i r d  type  system--hardware 
t h a t  maybe one of t he  manufacturers w i l l  b u i l d ,  t h a t  can then be 
tes tab le  i n  the f l i g h t  t e s t  environment. 

R igh t ;  then those two coming t o  conf luence somewhere, 
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Robertson: 
we w i l l  have taken a huge step toward the so lu t ion .  

I t h i n k  if we implement the steps t h a t  you j u s t  ou t l ined ,  

U n i d e n t i f i e d :  NOW, i f  I might be so bold t o  suggest t h i s ,  t h a t  path 
does no t  jump out  a t  me from your chart .  Well, the  t h i n g  we are up 
against  here i s  t he re  i s  a l o t  of momentum, f rank l y ,  t h a t  has 
developed towards ground-base radars, and these k inds o f  th ings,  and 
i f  you want t o  have a v iab le  well-funded a i rborne  radar  e f f o r t ,  i t  has 
got t o  be c l e a r  t h a t  there  i s  some l i g h t  a t  t he  end o f  t he  tunnel ;  
some hope o f  coming out w i t h  a system; some c l e a r  path t h a t  leads us 
t o  the  p o i n t  where we have a pro ty type system. There are a l o t  o f  
people l i k e  me who are non-radar guys, t h a t  j u s t  t h i n k  t h a t  you can 
s k i p  these in te rmed ia te  stages; t h a t  somewhere i n  some l a b  there  i s  
some genius t h a t  can throw a bunch o f  hardware together  and s k i p  r i g h t  
i n t o  the  pro to type warning system. That i s  what they are l ook ing  
fo r - - l ook ing  f o r  someone t o  walk i n  and t e l l  them tha t ,  and they are 
going t o  g i ve  him a b i g  wad o f  money and send him o f f  t o  do it. 

Campbell: What you have got t o  recognize i s  t h a t  t h i s  i s  s t i l l  a 
research p ro jec t ,  and the re  has been a l o t  o f  r h e t o r i c  w i t h  respect t o  
a l l  t h a t  needs t o  be done. And, i f  a l o t  o f  people who have been 
proposing programs i n  the  past, and the f i nanc ing  hasn ' t  been coming 
through t o  support those a c t i v i t i e s ,  and now, you know, i t ' s  j u s t  
l ud i c rous  t o  t h i n k  t h a t  now you can say OK, s k i p  these in te rmed ia te  
steps and come i n  and g i ve  me a grand slam homer and win the  game. We 
a l l  know t h a t  t h a t  cannot be promised. 

Un iden t i f i ed :  We don ' t  a l l  know t h a t  t h a t  can ' t  be promised. I t h i n k  
the re  are a l o t  of people t h a t  are grasping f o r  straws. 
when an a i rp lane  h i t s  t he  ground, a l o t  o f  people get exc i ted,  and a 
l o t  o f  people are l ook ing  f o r  a quick so lu t ion .  Now, C l i f f  made the  
p o i n t  yesterday t h a t  t he re  needs t o  be a l o t  o f  in te rmed ia te  output 
from a program; t h a t  you can ' t  wa i t  till you have your  best shot and 
then present i t  a l l  a t  one time. And t h a t  i s  where you need a l o t  of 
i n t e r a c t i o n  between who might be the end customer f o r  something l i k e  
t h i s  and say, t e l l  me what you would consider an optimum design, and 
t e l l  me what you t h i n k  i s  t h e  minimum acceptable and you can s o r t  o f  
design your programs so you output along the  way w i t h  th ings  t h a t  meet 
t h i s  minimum acceptable standard while you are working towards . . . 

You know, 

Hi ldebrand: One o f  t he  th ings  tha t  can be i n t e r j e c t e d  i s  t h a t  there  
are a i rborne  Doppler radars now--the search radar  on the  P3,  the  
C o l l i n s  weather radar  which, wi th some mod i f i ca t i on ,  could be d r a f t e d  
f o r  a very minimal approach t o  t h i s  k ind o f  problem. I ' m  going t o  be 
b u i l d i n g  one. 
problem. A l l  o f  these radars i n  one way o r  another demonstrate 
f e a s i b i l i t y  i n  seeing some o f  these phenomena, and these can prov ide 
some s o r t  o f  i n t e r i m  prototype steps, bu t  they w i l l  a l so  show both t h e  
va lue of t h i s ,  and the  value o f  cont inu ing the  d e l i b e r a t e  approach 
because these th ings  won't work a 1 the time. They teach something; 
they are an impor tant  p a r t  o f  the  development program--both as a 
t a n t a l i z a t i o n  and as conf i rmat ion f o r  t he  d e l i b e r a t e  approach, and I 
t h i n k  t h a t  t h a t ' s  one way o f  show ng tha t  t he re  i s  a l i g h t  a t  the  end 
o f  t he  tunnel .  

It i s  not going t o  be designed o r  opt imized t o  t h i s  

87 



Un iden t i f i ed :  And I t h i n k  t h a t  i s  one h a l f  o f  what you need. I f  you 
are the guy p rov id ing  t h e  money, you need f o r  somebody t o  walk i n  and 
say, not  j u s t  myself, but  a whole bunch o f  us, a l l  t h i n k  you are  
s l i g h t l y  near the  end of t h i s  tunnel .  
i s ,  here i s  a c l e a r  path o f  how we're going t o  get t he re  and here 's  
how many bucks and here i s  where t h e  in te rmed ia te  outputs  are t o  t h e  
best  o f  our knowledge a t  t h i s  p o i n t  i n  time. This meeting I sense 
t h a t  the  l i g h t  i s  g e t t i n g  i n t o  the  tunnel .  I don ' t  know how you can 
s i t  here and not  get t h a t  f ee l i ng .  What i s  miss ing r i g h t  now i s  t h i s  
c lea r  path t h a t  shows what we've discussed here today. It doesn ' t  
jump out a t  me from the  char t .  

And the  second element you need 

Staton: This  i s  not  the  char t .  I do have some char ts  t h a t  have most 
o f  the i tems on them t h a t  you mentioned. 

Un ident i f ied :  Well, i f  you cou ld  p u l l  t h a t  out Fr iday  morning, I 
t h i n k  t h a t  would be a b i g  step i n  t h e  r i g h t  d i r e c t i o n  towards g e t t i n g  
t h e  money t h a t  i s  necessary t o  make something l i k e  t h i s  t o  get o f f  the  
ground. 

Staton: There i s  a problem w i t h  it. It takes money t o  get t he  
hardware. 
de l i ve red  i n  twelve t o  four teen months. 
o f  these major components. 
t h i s  cur ren t  f i s c a l  year; bu t  s t a r t ,  though, the  th ings  you know you 
must have o r  we won' t  be ready. 

It takes money up f r o n t  t o  order  th ings  so they could be 
That 's  what it takes f o r  many 

You don ' t  have the  money t o  do t h a t  w i t h i n  

Un iden t i f i ed :  You know you can show your  path i n  terms o f  months from 
s t a r t  date, f o r  example, you know, o r  months from go-ahead, o r  what- 
ever, bu t  t he  p o i n t  i s  t he  guy we are going t o  be b r i e f i n g  Fr iday  i s ,  
a t  l e a s t  from FAA p o i n t  o f  view, one of t he  guys who holds the  purse 
s t r i n g s  for  g i v i n g  money, and o f  course you've got your  guys and NSSL 
has t h e i r  people, and money can come from a l o t  of sources. But, I 
t h i n k  i t  would be t o  our c o l l e c t i v e  b e n e f i t  t o  be able t o  show the  
path t h a t  we s o r t  o f  o u t l i n e d  here and r e a l l y  g ive  t h i s  g y an upbeat 
k i n d  o f  p resenta t ion  about how we can get  t h i s  program go ng, and 
here's the  path t h a t  gets you there,  and whenever you dec de t o  loosen 
t h e  purse s t r i n g s  you can k i c k  t h i s  whole process o f f .  

Campbell: 

Bowles: Who w i l l  cost  those out? 

How much do these cos t?  

Campbell: We could say, p lease g i ve  us a resource est imate.  

Robertson: 
invo lved here. 

You could say t h a t  t he re  are m u l t i p l e  facets ,  o r  agencies, 

Schlickenmaier: 
t h a t  f o r  t h i s  f i r s t  cut ,  you are l ook ing  f o r  how we cou ld  get some 
immediate f i nanc ia l  r e l i e f  i n  order  t o  a n t i c i p a t e  some o f  those e a r l y  
budget items. We are roughly cover ing FY 86, and f o r  FY 86 we are 
s t i l l  t a l k i n g  o f  stopgap p r o j e c t s  a t  t h i s  po in t ,  because I ' m  not going 
t o  be i n  the  budget cyc le  u n t i l  87 w i t h  t h i s  program. A t  t h a t  po in t ,  
Neal i s  s t i l l  w i t h  FY 86 money, ho ld ing  the  purse s t r i ngs .  

The p o i n t  I was g e t t i n g  from you, Tom and Leo, was 
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Campbell: There i s  a p o s s i b i l i t y  f o r  reprogramming '86 funding. The 
on ly  reason I ' m  s i t t i n g  i n  t h i s  meeting today i s  because the  guy asked 
me the  quest ion,  what can we do t o  accelerate t h i s  work, number one, 
and number two, i s  work accelerated o r  are we throwing money down a 
r a t  ho le  w i t h  a i rbo rne  Doppler radar. I guess t h a t  i s  why I asked a 
l o t  of quest ions:  I s  t h i s  a r a t  ho le  o r  no t  a r a t  ho le? I ' m  going 
away w i t h  a s t rong sense t h a t  it i s  not a r a t  hole. 

Fedors: 
down t o  the  end i n  th ree  o r  four  years, and it may be t h a t  some 
element t o t a l l y  f a l l s  apart ,  bu t  r i g h t  now the re  i s  l i g h t  a t  the end 
o f  t he  tunnel .  
you ' re  going t o  d e l i v e r  something. 

Schlickenmaier: 
i s  I need some s o r t  o f  l o g i c a l  sequence o f  what we are going t o  head 
f o r ,  and what roughly w i th .  It i s  our zeroth-order guess as t o  what 
the  task- to- task r e l a t i o n s h i p s  might be--what k i n d  o f  products we 
might be l ook ing  at ,  and f o r  t h i s  one p a r t i c u l a r  case, i n  terms o f  
'86, can we acce le ra te  i t? I f  we can, what might i t  cost  us t o  a i d  i n  
t h a t ?  I t h i n k  we are mature enough t o  know, yes, there  i s  a techn ica l  
r i s k  t h a t  may walk up a t  the  end o f  t h i s  p r o j e c t  and abso lu te ly  chunk 
a b i g  p a r t  o f  t h i s  away. 

There i s  always a c e r t a i n  amount o f  r i s k  involved. We may get 

It may never be there.  You c a n ' t  guarantee a guy t h a t  

I ' m  not  asking f o r  t ha t  p ro jec t ;  what I ' m  asking f o r  

Hi ldebrand: I t h i n k  you made an important f i r s t  step w i t h  a diagram 
up the re  t h a t  has got a whole bunch o f  elements on it. A l o t  o f  t h e  
elements can be c a r r i e d  out r i g h t  here; some o f  those elements e lse-  
where. 
done here and you, o thers and smal ler  groups are  going t o  have t o  
r e f i n e  t h a t  f u r t h e r  f o r  a much more formal and permanent p lan  o f  
ac t ion .  But, r i g h t  t he re  i s  a beginning o f  a plan. 

I t h i n k  some l e v e l  o f  refinement o f  t h a t  could poss ib ly  be 

Campbell: How can you accelerate a plan when issues are ground 
c l u t t e r ,  how you have look-up mode, and f l y i n g  and a l l  o f  t h a t  jazz,  
and you acce le ra te  th ings  t o  p a r t i c i p a t e  i n  t h a t  next spr ing,  and 
i d e n t i f y  those tasks, cost  them out. A l o t  o f  t h ings  could be done. 

Un ident i f ied :  
presentat ion.  I f  the re  are dependencies on somebody else,  you j u s t  
need t o  make those c lea r .  
s ta r ted .  They guy who k icked t h i s  o f f  was your  own man a t  NASA 
Headquarters--Lee Holcomb. He sent t he  message t o  Neal f ou r  o r  f i v e  
days a f t e r  the De l ta  accident,  and said, what can we do t o  he lp you 
guys i n  t h i s  wind shear area? That 's  when Neal s t a r t e d  making c a l l s  
and asking quest ions and a meeting was set up between you two guys t o  
t a l k  about how t h i n g s  cou ld  be accelerated, and h e ' l l  be i n  t h e  
meeting Fr iday,  also. A l l  the i nd i ca to rs  a t  t h i s  p o i n t  are saying 
t h a t  those people are behind you a lso;  t hey ' re  j u s t  w a i t i n g  f o r  you t o  
t e l l  them what you need. 

Bowles: The mat te r  o f  the  Holcomb th ing,  where he s p e c i f i c a l l y  t o l d  
me t h a t  t h e y ' r e  anxious t o  understand the f u l l  impact o f  what you 
would l i k e  i n  terms o f  support so we could accommodate t h a t  i n  the  
upcoming budget i f  you went t h a t  far - - they are a l so  going t o  want t o  
accommodate next month a specia l  t o p i c  review on the  instrument.  It 

Not on ly  do you need a good p a i r i n g  shown i n  your  

I go back t o  how t h i s  whole t h i n g  got  
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seems t o  be t h a t  Fr iday  has a very s p e c i f i c  ob jec t i ve .  The meeting 
Fr iday ought t o  come out w i t h  a very s p e c i f i c  p o s i t i v e  ob jec t ive- -a  
word t o  convince Neal t h a t  though the re  are a l o t  o f  issues and some 
techn ica l  d i f f i c u l t i e s ,  t h a t  the  a i rbo rne  op t i on  i s  something t h a t  he 
could speak t o  w i t h  conf idence as a supplement t o  h i s  te rmina l  Doppler 
program and the enhanced LLWAS. I f  you could pu t  i t  i n  t h a t  context ,  
i t  gives him confidence t o  keep t h a t  d ia logue w i t h  OAST going. It 
goes on the  record i n  f r o n t  o f  the  Congress t h a t  t h a t  i s  c r e d i t a b l e  
and t h a t  i s  what he needs a t  t h i s  po in t .  That i s  on l y  g e t t i n g  the  
f o o t  i n  the  door. 
i n  the door. How t h i s  r e l a t e s  out t o  MIST  o r  JAWS or...we should 
r e a l i z e  Wallops e i t h e r .  
i n teg ra ted  program--and w i l l  be es tab l i shed as a d i r e c t i v e  out o f  the 
i n teg ra ted  programs. 

( U n i n t e l l  i g i  b l  e )  

But you can ' t  do a program u n t i l  you get t he  f o o t  

That can be done i n  the  contex t  o f  the' 

Campbell: What i f  i t  i s  sa id  we r e a l l y  have t o  get our ac t  together ,  
because t h i s  whole t h i n g  i s  evolv ing.  We're l i k e  the  end o f  t he  t a i l  
here because I have been l e d  t o  be l i eve  t h a t  t h i s  meeting w i t h  Neal 
Blake i s  going t o  be no th ing  but  a b r i e f i n g  session. This  i s  t he  way 
we g o t  t he  message--the f a c t  t h a t  we want Leo up there,  we were going 
t o  s i t  down and j u s t  b r i e f  Neal. Now i t  i s  s t a r t i n g  t o  be a very 
c r i t i c a l  meeting, and i t  can be counterproduct ive i n  t h a t  i f  we don ' t  
do a very good job, going up there  and p u t t i n g  t h i s  organized p lan  
together,  t h i s  road map w i t h  a l l  the  b u l l e t s  and a l l  t he  p a r t i c i p a -  
t i o n ,  and cost  t h a t  t h i n g  out and a l so  show him not  on ly  t h a t  t he re  i s  
l i g h t  a t  t h e  end o f  the  tunnel ,  but  i t  i s  not  going t o  be a f r e i g h t  
t r a i n ,  and we have a l i t t l e  more work t o  do between now and then. 
Maybe I'm dramat iz ing t h i s  whole th ing ,  I don ' t  know, I'm g e t t i n g  a 
1 i t t l e  nervous.. . 
( U n i n t e l l  i g i  b l  e )  

Bowles: J e r r y  was a t  the  o ther  meeting. He sensed the  momentum and 
t h e  d i r e c t i o n  i n  which i t  was headed. The way t h i s  came up was, i n  
the  r e l a  t ionsh ip ,  we went up two weeks ago, said,  t h i s  i s  what we 
propose t o  you as a par t ,  i n  a con t r i bu t i on ,  t o  the  na t i ona l  p lan. 
You guys are  s t r a i g h t .  
element can disappear out o f  t h a t  program, bu t  t h e r e ' s  a remnant 
program l e f t .  J e r r y  i s  keeping h i s  opt ions open r i g h t  now. Ai rborne 
radar i s  one component. 

I f  you look a t  i t  very c a r e f u l l y ,  any one 

Staton: 
Langley proposal. I f  i t  i s  accepted, we w i l l  do t h i s .  Th is  was always 
a poss ib le  f u t u r e  and the  whole t h i n g  i s  not  going through Langley, as 
you a l l  know. I t ' s  a poss ib le  scenario. 

When we put  t h i s  p lan together ,  we never sa id  t h i s  i s  a 

Bowles: 
we w i l l  propose t o  support t he  Nat ional  I n teg ra ted  E f f o r t .  Not a t  
l e v e l  t h ree  planning. We took the  oppor tun i ty  t o  go up and v e r b a l l y  
b r i e f  tha t  t o  Neal. 
about a i  rborne radar techno1 ogy op t ions  . 

It was se t  up by the  two d i r e c t o r s ,  t h a t  said,  t h i s  i s  what 

Out o f  t h a t  came a s p e c i f i c  se t  o f  quest ions 
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Staton: Okay, we l l ,  I have a problem wi th  two d i r e c t o r s  co-assigning 
it, and t h e  hardware's going t o  be b u i l t  and the  experiment conducted 
i n  a t h i r d  d i rec to ra te ,  and then signed o f f  by somebody else. 

Bowles: Well, t h a t  has been a changing s i t u a t i o n .  

Campbell: Maybe we have got t h i s  off course now. Maybe I made i t  
t h a t  way, so I apologize. Maybe we need more t a l k  about how we're 
going t o  p lan fo r  t h i s  meeting. L e t ' s  get back t o  what Herb wants 
done. 

Schlickenmaier: Well, you ' re  not t oo  f a r  o f f  t rack .  

Robertson: 
t he  tasks we've a l l  been t a l k i n g  about, and the  th ree  separate 
p a r a l l e l  paths t h a t  might be conducted. And, end up w i t h  the  end 
r e s u l t  o f  a c e r t i f i e d  box. 

I would l i k e  t o  d r a f t  k ind  o f  a t i m e l i n e  and ca tegor ize  

Verstynen: Tom, I t h i n k  i t  i s  important t o  understand t h a t  a t  t h i s  
p o i n t  i n  time, nobody i s  t r y i n g  t o  make anybody make, commit themself  
t o  program it, a t  the  management l e v e l  o r  the  techn ica l  l e v e l  o r  
anyth ing else. 

Campbell: No, I understand tha t ,  Harry. 

Verstynen: A l l  he was look ing  f o r  was, i s  it a r a t  hole, o r  i s  i t  not  
a r a t  hole. 

( Un i n t e l l  i g i b 1 e comments ) 

Verstynen: 
t h a t  day, t h a t  were inc luded i n  our submission t o  C l i f f ' s  plan, he 
seemed t o  understand and be comfortable w i t h  almost a l l  o f  it, and the 
man i s  extremely w e l l  versed i n  radar  technology. 

One o f  the  whole l i t a n y  o f  t h ings  t h a t  Roland presented 

( U n i n t e l l i g i b l e )  

Campbell: But, he wants t o  be t o l d  t h a t  t he re  w i l l  be an a i rborne 
Doppler radar  o r  a microburst  de tec tor  on board an a i rp lane  w i t h i n  
f i v e  years. 

Verstynen: 
was b r i e f e d  on, t h e  one he seems t o  me t o  be most uncomfortable w i t h  
was the  a i  rborne Doppler techno1 ogy. 

What I ' m  t r y i n g  t o  say from the  whole l i t a n y  o f  t h i n g s  he 

Un iden t i f i ed :  He has always had a hang-up on it. 

Hay: 
It i s n ' t  a bias.  He has a problem w i t h  it. U n t i l  now, nobody has sa t  
down and gone A, B, C, D, E, and sa id  ah, E, t he  one t h a t ' s  used the  
most, OK, i t  w i l l  work. When you go up and say tha t ,  j u s t  l i k e  
Roland, t h a t  was an i n c r e d i b l y  f i n e  b r i e f i n g  Roland gave him t h a t  day, 
and i t  r e a l l y  d i d  more f o r  us i n  the  wind shear program. 

That i s  t he  way t o  put it, he has always had a hang-up on it. 
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Verstynen: S o ,  the  man i s  t e c h n i c a l l y  uncomfortable w i t h  t h a t .  I 
t h i n k  t h a t  i f  he could have been s i t t i n g  here today, there  would be no 
reason t o  g ive  him the b r i e f i n g  because he would have heard a l l  o f  
t h i s ,  he would f e e l  comfortable w i t h  what i s  about t o  happen, and no 
one w i l l  have committed t o  doing a program o r  anyth ing l i k e  t h a t .  B u t  
t h e  man cou ld  a t  l e a s t  go away and say, i f  we a l l  agree t o  garner up 
t h e  resources and t h e  manpower and a l l  t h a t  i t  takes t o  make a 
bureaucrat ic  program work, then I ' m  c o n f i d e n t  t h a t  t h i s  one w i l l  n o t  
come back and haunt me. A t  l e a s t  t h e r e  i s  no h igher  r i s k  here than i n  
any other program. 

Hay: Harry, l e t  me i n s e r t  one o ther  th ing,  i f  I may. You are 
absolute ly  r i g h t  i n  what you s a i d  here, b u t  Neal has s a i d  i t  was going 
t o  be an a i rborne  program. No question. 
There i s  no quest ion t h a t  there  i s  going t o  be an a i rborne  program 
coming f r o m  an a i rborne  Doppler radar  type, and t h i s  meeting F r i d a y  i s  
n o t  going t o  change t h a t  one way o r  another. Second t h i n g  t h a t  i s  
going t o  happen i s  a l l  o ther  a i rborne  sensors are going t o  be examined 
and i n  s i t u  devices are going t o  be examined as w e l l .  We've g o t  
Boeing coming r i g h t  a long r i g h t  now f o r  c e r t i f i c a t i o n ;  Sperry i s  about 
t o  get approval on t h e i r s ,  the  f i r s t  inst rument  c e r t i f i c a t e d  f o r  
actua l  wind shear avoidance, i s n '  t t h a t  c o r r e c t ?  

It i s  going t o  happen. 

(Uni n t e l l  i g i  b l  e) 

Hay: A1 1 o f  these t h i n g s  are going t o  happen, and there  w i l l  n o t  be a 
dec is ion known under any circumstances on Fr iday.  It w i l l  be how w e l l  
we go through it, and how c l e a r l y  i t  i s  understood, and how t o  f i n d  
t h e  d i r e c t i o n  a t  t h a t  p o i n t  of success, and on ly  people such as you, 
Tom, Leo and the  t roops t h a t  are i n  t h i s  room can prov ide  t h a t  k i n d  o f  
input ,  and they are more than capable o f  p r o v i d i n g  i t  and p r o v i d i n g  i t  
very we1 1. 

Verstynen: L e t  me ask you a quest ion.  I s  i t  n o t  t r u e  t h a t  Neal goes 
on the H i l l  on October 2nd and a t  t h a t  p o i n t  i n  t ime he i s  l i k e l y  t o  
be questioned on how the  l e v e l  o f  conf idence t h a t  he assigns t o  these 
guys w i t h  regard t o  prospects o f  a i rborne  Doppler technology cou ld  
have an e f f e c t  on what they decide w i t h  respect  to... 

Hay: Yes, he goes t o  the  H i l l  on October 2nd. The e f f e c t  i s  how w e l l  
h i s  b r i e f i n g  comes o f f ,  and Neal i s  one o f  t h e  smartest  guys I ever 
worked wi th i n  my l i f e ,  t e c h n i c a l l y .  The i n d i v i d u a l  i s  i n c r e d i b l e .  
You are g i v i n g  a three-and-a-hal f - inch r e p o r t  t h a t  you c a l l e d  him up? 
He said he reviewed it, d i d n ' t  he i n  t h e  meeting t h e  o ther  day, and he 
repeated every th ing  you have g o t  i n  t h a t  repor t .  He read it, he con- 
sumed it, and he i s  comnitted, and what he wants you t o  do i s  s i t  down 
and look you i n  t h e  eye and look Leo i n  the  eye and say, now how 
should 1 f e e l  about t h i s ,  guys? And have you go through t h e  techn ica l  
steps, which he 's  more than c o n f i d e n t  t o  p i c k  up and f o l l o w  you on, 
and you guys are more than capable o f  g i v i n g  i t  t o  him. 

Un ident i f ied :  I thank you. 
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Verstynen: Don' t underse l l  y o u r s e l f .  I t h i n k  t h a t  e s s e n t i a l l y  the  
a i rbo rne  Doppler development i s  moving i n  the  d i r e c t i o n  o f  a c e r t i f i -  
ab le  p roduc t ion  a i r l i n e  system as opposed t o  a research system. But, 
t he  c e n t r o i d  o f  t h a t  work i s  here. 

Hay: L e t ' s  g i v e  the  d e v i l  h i s  due: i f  I were t o  say t h a t  dozens o f  
t imes t h a t  you and I s a t  down and spent a l i t t l e  t ime going round and 
round and y o u ' r e  con f iden t  and t h i s  has helped d i r e c t  t h i s  i n t e g r a t e d  
program p lan  t h a t  we p u t  together, then I agree w i t h  Harry t h a t  t h e  
c e n t r o i d  i s  probably here, b u t  t he re  i s  a l o t  o f  good work you guys 
have done. 

Hi ldebrand: Now you should f e e l  t h a t  I d o n ' t  have any problem w i t h  
the  center  o f  development of the airborne Doppler radar being here f o r  
t h i s  problem. I ' m  going t o  b u i l d  a research radar, b u t  I d o n ' t  f e e l  
any competit iveness a t  a l l  towards t h i s  problem, and my pr imary 
i n t e r e s t  here i s  t o  a s s i s t  t h a t  i f  I can. We're t h i n k i n g  about and 
then I suggested t o  Roy t h a t  we cou ld  put  another box up the re  about 
p r o t o t y p i n g  sensors, because I t h i n k  I cou ld  he lp  w i t h  the  usefu l  r o l e  
the re  f o r  showing what you cou ld  see w i th  a radar t h a t  i s  n o t  
op t im ized f o r  t h i s  job,  b u t  can do a p r e t t y  good job. I t h i n k  I can 
he lp  there,  and I would l i k e  t o  do that,  b u t  you can count on my f u l l  
suppor t  f o r  the program t o  be based here. 
j o b  t o  b u i l d  t o  t h a t  radar. 

I t ' s  n o t  my i n t e r e s t ,  o r  my 

Robertson: I n  going through t h i s  discussion the  l a s t  couple o f  days, 
i t  appears t h a t  t he  var ious a c t i v i t i e s  f o l l o w  th ree  areas, please 
c o r r e c t ,  and he lp  me b u i l d  on t h i s  model. I ' m  t r y i n g  t o  p u t  together  
a ske le ton  and t ry t o  b u i l d  on what we have been t a l k i n g  about. One 
of them, the  c e n t r a l  element i n  a l o t  o f  t h i s  i s  t he  s imu la t ion ,  the 
development of t he  models and t h e  t o t a l  end-to-end s imu la t i on  
c a p a b i l i t y .  The top l i n e  represents what I consider  the sensor 
development. Th is  would be the path t o  t he  end sensor t h a t  migh t  end 
up being t h e  wind shear detector.  The bottom one i s  a supplementary 
data c o l l e c t i o n  process, p r i m a r i l y  t o  ge t  t he  ground c l u t t e r  data. 
Then t ime goes along the a x i s  on the bottom, so maybe some boxes t h a t  
are miss ing  here and some hurdles along t h e  way. But fundamentally, 
t he  way I see i t  i s  t h a t  r i g h t  now, Roland has some very, very 
soph is t i ca ted  atmospheric models t h a t  he has worked on. The radar  
models e x i s t ;  however, we need t o  g e t  them p u l l e d  i n  from the places 
where they res ide  and g e t  them combined w i t h  the  weather and atmo- 
spher ic  models t h a t  Roland p u t  together. T h i s  would g ive  us a f i r s t -  
c u t  atmospheric/radar sensor s imu la t ion  c a p a b i l i t y  which w i l l  take  a 
swag a t  t he  ground c l u t t e r  as i t  e x i s t s  and p u t  together  a f i r s t  cut .  
I ' m  going t o  i gno re  t h i s  box f o r  the moment, and I'll come back t o  it. 
T h i s  f i r s t - c u t  model now i s  based on Roland's e x i s t i n g  atmospheric 
model w i t h  a s lash a t  t he  ground c l u t t e r .  
come up w i t h  o r  t h a t  cou ld  be achieved i n  the  near term. That cou ld  
be used t o  evaluate the  f e a s i b i l i t y  o f  t he  a i rborne  sensor. 
t he  ou ts ide  boundaries we can expect t h i s  system t o  be ab le  t o  over- 
come? As a p a r a l l e l  path, t h e r e ' s  a very c r u c i a l  need t o  embel l i sh  
t h i s  atmospheric and ground c l u t t e r  model w i t h  more r e a l i s t i c  data, so 
t h a t  i s  a f a i r l y  l ong  t ime process i n  i t s e l f .  That Leo has been 
proposing, so a t  the immediate t ime then, hardware procurement can be 
begun o r  as soon as t h a t  has evolved t o  t h e  p o i n t  where you understood 

That i s  something we can 

What a re  
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w e l l  enough what the hardware requirements are. Then, i n  p a r a l l e l  
w i t h  the f i r s t - c u t  model cou ld  begin the  a c t i v i t y  of ground c l u t t e r  
w i t h  a rea l  ground c l u t t e r  model f o r  the  raw data c o l l e c t i o n .  Now a t  
t h a t  po in t  we have the  bas is  t o  b u i l d  a r e f i n e d  d e t a i l e d  atmospheric 
radar  s imu la t ion  c a p a b i l i t y .  Now t h a t  i s  t he  r e a l  t o o l  t h a t  i t ' s  
going t o  take t o  develop the  a lgor i thm,  the  process, t he  system, the  
de tec t ion  techniques f o r  the  sensor. Now t h i s  model w i l l  be the  
workaday t o o l  t h a t  our engineers w i l l  use t o  design the  wind shear 
sensor. So, t h a t  feeds i n  w i t h  the  f e a s i b i l i t y  s tud ies  and the  rea l  
t ime model t h a t  then r e s u l t s  i n  t h e  sensor development. That i s  where 
t h e  rea l  work takes place. Now, drawing from our automat ic l and ing  
experience t h a t  I t a l k e d  about yesterday, the pr imary t e s t i n g  t h a t  
will.,.sensor w i l l  be done i n  the s imulat ion,  and t h e  func t i on  o f  the  
r e a l  t ime f l i g h t  t e s t  program w i l l  be t o  v a l i d a t e  t h e  models i n  the  
simul a t i  on techni  ques. So,  now t h e  sensor devel opment takes p l  ace , we 
have a sensor f l i g h t  t e s t  program, and then t h a t  feeds back t o  
s imulate the wind shear model t h a t  we have been us ing  i n  the  radar  
system. When those two r e s u l t s  combine together ,  we now have t h e  
bas i s  t o  begin the c e r t i f i c a t i o n  a c t i v i t y  o f  the  sensor. So, t h e  
a n a l y t i c a l  people, Roland and the NASA fo l ks ,  have a good handle on 
t h e  model and i t s  techniques. Leo, I ' m  j u s t  saying names, because 
these are the  people who I immediately a t tach  t o  these jobs,  they come 
t o  mind, but  i n  terms o f  the fundamental hardware raw data c o l l e c t i o n  
t h a t  i s  needed t o  r e f i n e  t h i s  model, t h a t  a c t i v i t y  can s t a r t  immedi- 
a te l y ,  and t h i s  gives us as a manufacturer, and Peter,  and people who 
are p lay ing  a t  t he  Doppler radar bilsiness are placed t o  p lay  around 
w i t h  ideas. You can go back and s t a r t  so lde r ing  c i r c u i t s  together  and 
see what we can do. 
s i d e  a c t i v i t i e s  t o  t e s t  var ious ideas out  as we're going along. What 
t h i s  box means by prototypes us ing  e x i s t i n g  sensors, there  i s  a b i g  
base1 i n e  capabi 1 i ty  ex i  s t i n g  i n  the  research radars i n  our commercial 
products t h a t  are manufactured. But, 1 t h i n k  t h a t  these paths get  
everyone home t o  work and we're a l l  working i n  a p a r a l l e l  e f f o r t .  
Does t h i s  seem l i k e  a reasonable way t o  go? 

Jus t  maybe a tagalong w i t h  the  MIST program and 

Verstynen: 
through my mind a few minutes ago. I t h i n k  t h a t  i s  the  r i g h t  th ing .  
I do have one o r  two comments. I would l i k e  t o  see a f l ow  c h a r t  l i k e  
t h a t  show where the  i npu ts  are needed from other  programs upon which 
we would be dependent, l i k e  MIST  o r  JAWS o r  something l i k e  tha t .  For 
example, nowhere i n  your  f l ow  cha r t  does i t  show t h a t  we r e a l l y  need a 
r e f i n e d  model o f  the  wind shear i t s e l f  o r  the  microburst ,  o r  however 
you want t o  r e f e r  t o  it, and t h a t  would come from a program t h a t  would 
be outs ide o f  the  scope o f  t h i s ,  but  maybe you would want t o  put  a 
do t ted  l i n e  around tha t ,  and say t h i s  i s  the  program we're l ook ing  t o  
fund, and ends up w i t h  a sensor, but  t he re  are these o ther  i npu ts  t h a t  
come across the  boundary. 

Campbell: Too many boxes across the  bottom t h a t  feed the  data c o l l e c -  
t i o n  i npu t  and ground clutter...We could add a box f o r  ground look-up. 

That i s  an exact diagram o f  b a s i c a l l y  what was going 

Staton: Just t o  the  r i g h t  o f  t he  one on the  bottom l i n e .  It i s  
r e a l l y  r i g h t  a f t e r  t he  ground c l u t t e r  data c o l l e c t i o n .  We cou ld  take  
some same radar and look from the  ground and look up as p a r t  of MIST-2 
o r  whatever. 
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Hildebrand: 
be fore  the  atmospheric model, we should pu t  down JAWS and MIST...and 
they come i n  t o  the  l e f t  of the atmospheric model. 

I also  t h i n k  t h a t  maybe o f f  t o  the  l e f t  o f  your char t ,  

Robertson: For the  present, I t h i n k  I might leave the  embellishments 
on the  char t ,  but  I t h i n k  we can show t h i s  as a con t inua t ion  o f  
e x i s t i n g  programs and work. There need t o  be some i npu ts  from t h e  
r e f  i ned atmospheri c model s. 

Hay: 
over the re  t o  the  l e f t .  I have been hearing a l l  t h e  t a l k s  about how 
you would sense wi th  a i rborne  sensor, but it has no t  become c l e a r  t o  
me on why do we need an a i rborne sensor--the p o i n t  being t h a t  f o r  the  
c h a r a c t e r i z a t i o n  of the  wind shear, we've a l l  been t a l k i n g  t h a t  we 
need i t  i n  t h e  te rmina l  phase, where you land a t  t h e  a i r p o r t .  
argue t h a t  i f  the  a i r p o r t  has a radar tha t  can determine the wind 
shear, then you can have a l l  the  soph is t i ca t i on  you want and have a 
radar  a t  every a i r p o r t ,  but  you wouldn' t  have t o  c a r r y  around a radar 
i n  every s i n g l e  a i r p l a n e  j u s t  t o  determine t h i s .  

To my way of th ink ing ,  t he re ' s  something miss ing a l l  t he  way 

I could 

U n i d e n t i f i e d :  How many a i r p o r t s  would you put  t he  radar on? 

Hay: We1 1 , wherever we 1 anded. . 
( U n i n t e l l i g i b l e )  

U n i d e n t i f i e d :  There are 700 a i r  c a r r i e r  a i r p o r t s  r i g h t  now. 

Hay: Then, put  them on 700 a i r p o r t s !  

Un iden t i f i ed :  Well, l e t ' s  see, a t  4 m i l l i o n  d o l l a r s  each... 

Hay: Now, wa i t  a minute. How much are you paying f o r  t h i s  radar  
r i g h t  here? There are a l o t  more a i rp lanes than a i r p o r t s !  

Un iden t i f i ed :  The whole purpose i s  not t h a t  i t  i s  a systems 
approach, so t h a t  the  whole program can be g r a c e f u l l y  degraded and 
s t i l l  g i ve  use fu l  in format ion.  I th ink  I ' m  us ing  your  terms, Roland. 

Hay: I guess I miss the  po in t .  Are you saying t h a t  i f  the  a i r p o r t  
radar  doesn' t  work then you have t h i s  as a backup? 

Bowles: It supplements TDWR, where TDWR ex is t s .  

Hay: Why do you need the  supplement if t h e  ground s t a t i o n  works? 

Bowles: That i s  t he  p u b l i c  p o l i c y  issue. Who pays? From the  tech- 
n i c a l  p o i n t  o f  view, I t h i n k  you can argue conv inc ing ly  t h a t  t he re  are 
advantages t o  the  a i  rborne w i  nd shear radar de tec t i on  capabi 1 i t y  , 
because the re  are going t o  be a l o t  of a i r p o r t s  no t  p ro tec ted  by the  
TDWR under the  cu r ren t  out look.  That i s  p u b l i c  po l i cy .  That 's  OMB 
po l  i c y .  We c a n ' t  determine t h a t  here. 
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Un iden t i f i ed :  I'll quote an a u t h o r i t a t i v e  source t h a t  sa id  the re  i s  
going t o  be an a i rborne  Doppler wind shear program and a t  t h i s  p o i n t  
i n  time, I... 

( U n i n t e l l i g i b l e )  

Un iden t i f i ed :  I don ' t  t h i n k  we need the  backup and t r y  t o  j u s t i f y  the  
existence o f  t h i s  r i g h t  now. I t h i n k  we need t o  accept t h a t  somebody 
somewhere sa id  t h a t  there  i s  going t o  be such a program, and then, 
p i ck ing  up from t h a t  p o i n t  on, say, so, t h i s  i s  a f l ow  cha r t  t h a t  gets 
t o  the sensor. 

Un iden t i f i ed :  ... ai rborne wind shear systems t h a t  are c a r r i e d  on the  
a i rp lanes  and we are p u t t i n g  LLWAS's i n  as f a s t  as we can on t h e  
ground. They complement each other.  If t he  ground system says 
there 's  shear, i t  i s  t rans  m i t t e d  t o  t h e  p i l o t ;  i f  h i s  own system says 
there 's  a shear, t h a t  i s  a v a i l a b l e  t o  the  p i l o t .  

Un ident i f ied :  I t h i n k  t h e  answer r e a l l y  i s  t ha t ,  i n  a d d i t i o n  t o  t h e  
adv isory in fo rmat ion  he now gets, we want t o  g ive  the  p i l o t  some 
a n a l y t i c a l  ground-based in fo rmat ion  on which he can base h i s  dec i s ion  
t o  go around o r  land. 

Un iden t i f i ed :  
hanging o f f  o f  t ha t ,  t o  say JAWS, MIST,  and whatever these o the r  
acronyms are. 

I n  t h a t  box you j u s t  drew, we could draw l i t t l e  boxes 

Hildebrand: 
model. Right,  t h a t  one s t r a i g h t  across, and then r i g h t  under t h a t  
draw a MIST box, r i g h t  underneath JAWS. That should feed both i n t o  
t h e  atmospheric model, t he  same p lace JAWS does. Now a dashed 1 i n e  
i n t o  r e f i n e d  atmospheric radar s imulat ion.  Maybe a s o l i d  l i n e ,  which 
i s  another l i n e ,  i t  goes, keep going, i n t o  there.  

I t h i n k  JAWS ought t o  feed d i r e c t l y  i n t o  the  atmospheric 

Robertson: 
program down there?  You could draw MIST and JAWS hanging o f f  o f  t h a t .  
I th ink  there i s  going t o  be a l o t  o f  feeding i n  a l l  o f  these programs 
combined together.  See, what t h i s  says t o  the  guy i s  t h a t  what he i s  
doing now i s  r i g h t ,  and he needs t o  keep t h a t  up. 
there  and borrow a whole bunch o f  money from t h a t  program and pu t  i t  
i n t o  t h i s  program o r  he's shot h imse l f  i n  the  foot. 

Do we f i n d  atmospheric models t h a t  might be the  MIST 

He can ' t  go over 

Campbell: 
l i k e  Leo i s  saying, and feed t h a t  i n  the re  too. 

Robertson: Yes, sure. 

There's the  p o s s i b i l i t y  o f  t a k i n g  some o f  t he  hardware, 

Hildebrand: 
two, ins tead o f  up on t h a t  l i n e .  

They should be down i n  the data c o l l e c t i o n  area, those 

Unident i  f ied :  We' r e  t a l  k i n g  about MIST  f o l l  ow-ons. 

Unident i  f ied:  MIST-E? 



U n i d e n t i f i e d :  Well, maybe Wallops-1 ! 

L y t l e :  
bu t  t h a t  type o f  hardware t h a t  can be used i n  s imu la t ion  va l i da t i on .  
But your  technique, much of it could be changed f o r  a requ i red  program 
o r  a second stage; i t  could not on ly  give you the  c l u t t e r  data, but  i t  
cou ld  be used f o r  o ther  th ings.  

That can a l so  be used not  on ly  t o  c o l l e c t  t h e  c l u t t e r  data, 

Robertson: 
t h i s  i s  t h e  JAWS and MIST. 
a l so  comes around here and cont inues t o  be used, and t h a t ' s  your 
p o i n t  . 

I n  order  t o  keep t h i s  as a t i m e l i n e  char t ,  I t h i n k  maybe 
Then the  ground c l u t t e r  data c o l l e c t i o n  

L y t l e :  It i s  not  j u s t  a s i n g l e  purpose f o r  the  ground c l u t t e r .  

Robertson: 
f u r t h e r  v a l i d a t i o n  of the  ground c l u t t e r  model. 

It i s  a con t inu ing  e f f o r t  t ha t  can be used t o  p rov ide  

L y t l e :  The a lgor i thms you may have developed, you can i n s t a l l  those, 
and use t h a t  hardware. 

Hay: To get t o  a qu ick po in t ,  remember, JAWS on t h a t  s ide and these 
o thers  are gener ic representat ions o f  a l o t  o f  o ther  th ings  t h a t  are 
going on. 
R. A. Bradford and twenty-s ix  747 's  t h a t  they have been backing up. 

You are dea l i ng  w i t h  B r i t i s h  Airways and Alan W h i t f i e l d  and 

( U n i n t e l l  i g i  b le ;  several  speakers) 

Un iden t i f i ed :  Now i f  I could make a suggestion: s ince t h i s  i s  
Schl ickenmaier 's  meeting, I would l i k e  t o  say t h a t  now t h i s  has 
created a b e a u t i f u l  f l ow  cha r t  f o r  how you create a blade p a r t  o f  a 
shovel, but  i t  doesn' t  have a handle yet .  What you need t o  do i s  take 
t h i s  cha r t  wi th the  embellishments t h a t  Tom and Leo and whoever i s  
going t o  put  on it. 
p a r a l l e l  t o  i t  along t h e  bottom o f  the  wal l  there,  t h a t  says, now 
M r .  Blake, when we get t o  t h i s  sensor, it i s  no t  going t o  do us any 
good t o  d i s p l a y  raw data i n  the  cockp i t .  We need a p a r a l l e l  path 
a1 ong here t h a t  deal s w i t h  working.. . 

You need t o  take tha t  and show another l i n e  

Bowles: What t h a t  does i s  e s t a b l i s h  f e a s i b i l i t i e s  f o r  t h a t  repo r t .  
Now we are t a l k i n g  about the f l i g h t  system technology t h a t  i n teg ra tes  
t h e  o ther  sensors on the  a i rp lane.  

Hay: Neal has t h a t  diagram, does he not? 

Bowles: What we have done i s  t o  embel l ish t h a t  po in t .  

Un iden t i f i ed :  This  i s  the  response t o  what he has asked fo r .  Th is  i s  
t h e  p a r t  t h a t  he has been uncomfortable w i t h  up u n t i l  now, and I t h i n k  
t h e  presenta t ion  on Fr iday  should focus on this--showing him there  i s  
a l i g h t  a t  t he  end o f  t he  tunnel  and there i s  a path t o  get there.  
But f o r  Schl ickenmaier 's purposes, I t h ink  he needs t o  be convinced 
t h a t  t h i s  i s  one element i n  a b igger  problem t o  get you t o  the  next  
box downstream, which i s  a workable i n s t a l l e d  system. 
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Un iden t i f i ed :  
questions o f  procedure, d isp lay ,  and cockp i t  i n t e g r a t i o n .  

So then, t h e r e ' s  a bottom l i n e  t h a t  addresses the  

Bowles: I t h i n k  as t h i s  un fo lds  as t ime goes t o  l e f t  o r  r i g h t ,  we 
begin t o  f i l l  up back where we took except ion t o  Sch l i ck  t h i s  morning, 
system requirements from the  a v i a t i o n  s ide. What happened two weeks 
ago, we came i n  t h a t  door, t h a t  i s  t he  door we came i n  up there  i n  
terms o f  some candidate p o s s i b i l i t i e s ,  and Neal then i d e n t i f i e d  t h i s  
as, hey, I want t o  know more s p e c i f i c a l l y  about t h i s  one inpu t .  

Robertson : As f a r  as d e f i n i n g  the  system requi  rements, normal l y  
before you go t o  invent  something you 've got t o  de f i ne  what it i s  you 
are  t r y i n g  t o  invent .  I t h i n k  maybe t h a t  l i s t e n i n g  here, we've maybe 
jumped beyond dec id ing  t o  invent  it, but  we don ' t  know what i t  i s ,  so 
I t h ink  maybe i t  might be appropr ia te t o  j u s t  put  goals, and I t h i n k  
o f  t h i s  a i rborne  e f f o r t .  We have t a l k e d  about what are r e a l l y  t h e  
c r u c i a l  pa r t s  o f  the  f l i g h t  p r o f i l e  t h a t  are dangerous. Below 
2000 feet ,  40 seconds i n  f r o n t  o f  the  a i r c r a f t ,  and on t a k e o f f  and 
landing, and I t h i n k  we want t o  be cor rec t ,  so I t h i n k  i t  could be 
s tated i n  some very s imple goals: design goals t h a t  j u s t  have a 
c e r t a i n  f l i g h t  regime. Then have t h a t  as a system requirement. 

Campbell: Could we summarize th ings  r i g h t  now, maybe i n  b u l l e t i z e d  
fashion? 

Bowles: Now t h a t  we have got ten t o  t h i s  po in t ,  can we add t o  t h i s ?  

Hay: 
t o l d  me before. 

Exac t ly  what you added t o  t h e  o ther  one and t h a t  i s  what you 

Bowles: Right,  but  can we r e a l l y  add t o  t h i s ,  based on the  d ia logue 
t o  t h i s  p o i n t  i n  t ime? 
covered i tem two there.  
going t o  s t imu la te  and accelerate the  development o f  t he  remote a i r -  
borne sensor. That 's  a b e n e f i t  along w i t h  c a p a b i l i t y .  

It seems t o  me t h a t  we are saying t h a t  we have 
The program t h a t  Langley has proposed i s  

Un ident i f ied :  I t h i n k  a cha r t  l i k e  t h i s ,  p lus  t h e  diagram j u s t  he ld  
up, would be an exce l l en t  way t o  get i n t o  t h i s  s p e c i f i c  p resenta t ion  
t h a t  Tom, o r  Leo, o r  whoever i s  going t o  be g i v i n g  it, t o  back him up 
t o  two weeks ago Thursday and say, here i s  a proposal f o r  a program 
t h a t  i s  a systems approach f o r  s o l v i n g  problems, t h a t  has a l l  o f  these 
elements t h a t  are addressed: cockp i t  d isp lays,  i n t e g r a t i o n  of o ther  
sensors, you know, everyth ing,  and then you ask us about t h i s  board 
r i g h t  here. 
asked us t o  come back. So now, I ' m  going t o  s i t  down and these guys 
a re  going t o  g ive  you a presenta t ion  on j u s t  t h a t .  The bets  se t  the  
stage po in t .  He understands t h a t  he i s  not  l ook ing  a t  a program t h a t  
i s  the end o f  the  whole, you know, it i s  the  whole proposal e f f o r t .  
It i s  p a r t  of a b igger  shove. 
way. 
l i k e  t h i s .  

When we were l a s t  here, you homed i n  on t h i s  quest ion and 

I would l i k e  t o  see him s t a r t  t h a t  
E i t h e r  you o r  Herb o r  somebody se t  the  stage w i t h  two viewgraphs 
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Hay: 
t h i s  new program; they are the  ones tha t  are responsib le  f o r  the  whole 
t h i n g  and we make the  i n t roduc t i ons  and so on, and walk i n t o  it and 
everybody would march o f f  t he  f l o o r .  

I would hope t h a t  the  meeting goes on f o r  the  a i rborne  p a r t  o f  

( U n i n t e l l  i g i  b l  e )  

Schl ickenmaier:  ( U n i n t e l l i g i b l e )  

Schl ickenmaier:  What I r e a l l y  would l i k e  t o  be able t o  do, and t h i s  I 
t h i n k  i s  a k i c k o f f  of a format on how we might  be g e t t i n g  together  
w i t h  some of the o ther  organizat ions,  i s  t o  put  together  some program 
planning sessions w i t h  some of t h e  d i f f e r e n t  d i v i s i o n s  and d i f f e r e n t  
program o f f i c e s .  What do the  var ious re la t i onsh ips  look l i k e ,  and how 
cou ld  I p u t  together  a d e t a i l e d  program p lan  t h a t  I could j u s t i f y  on a 
budget l i n e ?  
t o  be ab le  t o  walk i n  and put  i n  perspect ive a program t o  do a p iece 
o f  the  program budget, but  a p iece i n  which Neal i s  v i t a l l y  
in te res ted .  

I ' m  going t o  have a l o t  o f  help. That i s  a l o t  o f  he lp 

Hay: 
w i l l  be working up t h e i r  par t ,  whatever t h a t  may be, as a p a r a l l e l  
e f f o r t  ... most ly  going forward t o  Congress w i t h  an agreed-upon program 
and agreed-upon i n p u t  t o  t h a t  whatever you c a l l  it. 

Not on ly  w i l l  you be working on the budget l i n e ,  but  NASA here 

Verstynen: I n  o ther  words, i t  means the f u l l  i n t e n t  o f  the  i n t e r -  
agency agreement, and don ' t  f o r g e t  NOAA, and the  p a r t  t h a t  they might  
p lay  i n  f i t t i n g  i n  some o f  those dependencies t h a t  you have shown. 

Schlickenmaier: I t h i n k  you guys can g ive us, w i th  some amount o f  
d e t a i l ,  some looks a t  techn ica l  r i s k s  i n  terms of p r o b a b i l i t i e s  i n  
l i n e s  t h a t  may show us o ther  than s t r i c t l y  t ime c r i t i c a l  paths what 
some of  the  techn ica l  r i s k s  would be. 

Verstynen: 
e x c e l l e n t  approach. 

I would l i k e  t o  suggest t ha t  what you have the re  i s  an 
Now, you need t h a t  next charge t o  the goal. 

L y t l e :  Roy, are you t r y i n g  t o  make up another one o f  those s l i des?  

Robertson: No, I ' m  j u s t  t r y i n g  t o  copy t h i s ,  i n  case some h o r r i b l e  
eraser comes out  o f  t he  sky. 

Staton: 
years from now we can blame it a l l  on you! 

Well, why don ' t  you go w r i t e  the goals up there,  then f i v e  

Schlickenmaier: The goals i n  t h i s  case should be i n  terms o f  the 
radar  development p ro jec t .  

Campbell: 
t he re  are techn ica l  goals, it would be good t o  l i s t  these a l l  out. 

Some o f  the  subsets o f  goals: There are motherhood goals, 

Verstynen: 
presentat ion,  h i s  goals are a t  t he  systems l e v e l ,  a t  t he  o v e r a l l  
program leve l .  

I th ink ,  we don ' t  want t o  go too  deeply back i n t o  Roland's 

Jus t  enough o f  We don ' t  want t o  rehash t h a t  too  much. 
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Roland's e a r l y  p resenta t ion  t o  g i ve  t h i s  a context ,  then focus i n  
r i g h t  onto the  a i  rborne Doppl e r  radar. 

Hay: Well, you had them on the  board j u s t  a l i t t l e  w h i l e  ago: general 
goal s , operat  i onal goal s . 
Bowles: If you had t o  go ahead today, you would f e e l  p r e t t y  comfort- 
ab le i n  some o f  these areas. I n  the  area t h a t  we don ' t  f e e l  comfort-  
ab le  in ,  there  i s  no money a v a i l a b l e  f o r  ear ly-on hardware, f o r  
example. 
spher ic modeling. We've got smart people t h a t  know how t o  do radar 
modeling, a t  some l e v e l  i n  d e t a i l .  But, what we don ' t  have i s  t h e  
hardware op t i on  open. 

L y t l e :  Well , we're no t  adequately t a l  k i n g  about those th ings  i n  terms 
o f  the atmospheric modeling w i t h  the  radar  o f f s e t  r e f l e c t i v i t y  s igna l ,  
t o  b u i l d  the  data base. 

We have got p ro ty type sensors ex i s t i ng ;  we have got atmo- 

Verstynen: We' r e  not  adequately funded t o  do tha t .  

Hay: Roland, d i d n ' t  you hear about two months aso about an a l t e r n a -  
t i v e  determinat ion o f  what you would do 
funding i f  i t  was a v a i l a b l e  t o  you? Wh 
i n  the TCV a t  one l e v e l ,  what you might 
w e l l  , o r  a t  o ther  l e v e l s ?  

Bowles: Yes, I d i d n ' t  show t h a t  char t .  
we'd do a t  t he  var ious l eve l s .  Leo wou 
obsolete based on the  recent  new inpu ts  

w i t h  an amount o r  l e v e l  of 
ch inc luded what you might  do 
do i n  another a c t i v i t y  as 

But, yes, we broke out what 
d t e l l  us t h a t  i t  i s  k i n d  o f  
from e l  e c t  r o n i  cs  peopl e. 

Verstynen: 
invo lved with,  i s  t h a t  the  same? 

Bowles: 
between what you j u s t  sa id  and what I perceive a c t u a l l y  happened was 
t h a t  we were no t  asked the  question, what could you accelerate,  g iven 
t h i s  l e v e l  o f  funding, o r  t h i s  l e v e l  o f  funding, o r  t h i s  l e v e l  o f  
funding? The quest ion was more general than tha t ,  i t  was, what can be 
done t o  accelerate the  program a t  Langley? 
back w i t h  was, t h a t  i t  depends on how much money you are  t a l k i n g  
about. 

Is the  exerc ise  you are r e f e r r i n g  t o  the  one t h a t  we got 

Yes, the  one up i n  Washington. The on ly  minor d i f f e r e n c e  

The answer t h a t  you came 

Hay: They both changed i t  i n  the  meeting. 
i n i t i a l  question, d i d  he no t?  

He took i t  beyond t h a t  

Verstynen: 
there are on ly  a couple o f  l i t t l e  t h ings  t h a t  can do. 

The answer was i f  you are t a l k i n g  50 K, then you know 

Un iden t i f i ed :  Yeah, 50 K might j u s t  cover Leo's t r a v e l  budget! 

Unident i  f i ed: Rea l ly?  

Un iden t i f i ed :  I t ' s  what he does once he gets there !  But, if you are 
t a l k i n g  500 K, now we are i n t o  the  realm where we can s t a r t  l ook ing  a t  
automatic approach and departure.. . 
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Hay: Well, t h a t  i s  what you are summarizing, Harry; i t ' s  exac t l y  what 
we have done, and t h i s  was done about two months ago, I guess, when it 
was a l l  put  together  before the quest ion was asked. 

Bowles: 
agree t h a t  t h i s  area of the radar i s  so obsolete based on the  new 
i n p u t  over t h e  l a s t  week, i t  needs t o  be updated. 

We could do tha t ;  I would j u s t  say t h a t  I t h i n k  Leo would 

Robertson: How much i s  i t  going t o  cost t o  so lve t h i s  problem, r i g h t ?  
I n  t h e  most expedi t ious manner t h a t  we can, we are going t o  accomplish 
t h i s  goal f o r  t h i s  amount o f  money. 

Verstynen: 
b r i e f i n g ,  t h a t  don ' t  j u s t  jump out f r o m  the  char t .  
are t a l k i n g  about acce le ra t ion  o f  a program l i k e  t h i s ,  above and 
beyond what Leo showed on h i s  char t ,  i s ,  what i s  going t o  happen i f  we 
j u s t  cont inue a t  t he  pace we have r i g h t  now? I f  we are t a l k i n g  about 
acce le ra t i on  of t ha t ,  t h a t  t he re  i s  a c e r t a i n  minimum buy-in; 25 K i s  
suggested. I t takes X number o f  d o l l a r s  t o  get these th ings  going, 
and i f  you acce le ra te  down one path and don ' t  ca r ry  along the  o ther  
paths, then i n  t h e  end you r e a l l y  haven't bought y o u r s e l f  much. I 
don ' t  know how you put  t h a t  on a f igure,  but  t h a t  i s  one impor tant  
p o i n t  I t h i n k  you need t o  get across. The second one i s ,  you drew a 
present-day l i n e  up the re  a few minutes ago, w i t h  the  i m p l i c a t i o n  
being t h a t  present-day r e a l l y  i s  t he  beginning o f  a l l  those boxes-- 
when, i n  fac t ,  I t h i n k  the  p o i n t  Leo was t r y i n g  t o  make i s  t h a t  we are 
r e a l l y  n ine  months away from anyth ing happening because of procurement 
lags,  and so, the  person who i s  anxious t o  get something going ought 
t o  take t h a t  i n i t i a l  lag. 

Those are probably t w o  important po in ts  t o  make i n  t h e  
One i s  t h a t  i f  we 

Hay: You've h i t  on i t  exact ly ,  r i g h t  there.  

Bowles: This i s  not s t a r t i n g  w i t h  a dry ho le t r y i n g  t o  f i nd  o i l .  Leo 
does have a budget, though under scale, out  o f  OAST. 
so the re  i s  a base o f  d o l l a r s  i n  '86 r i g h t  now, and as we f i n i s h  '85. 

You're funded, 

Verstynen: On t h a t  l i n e  up the re  t h a t  says radar  model and atmo- 
spher ic  model, t h a t  k ind  o f  work we are indeed a t  t he  beginning o f  t h e  
box. 
which o f  those boxes... 

But down where it says hardware procurement, and I don ' t  know 

Hay: I t h i n k  your p o i n t  i s  we l l  taken, Harry. What you need t o  do i s  
t o  p o i n t  out  t he  areas t h a t  you need your support i n  t o  be able t o  
move it on o r  not. 

Verstynen: 
t h e  way they are shown there.  
l i t t l e  b i t  because o f  procurement lags  and t h i n g s  l i k e  tha t .  

Maybe a l l  those boxes r e a l l y  are not  a l igned i n  time, j u s t  
Some real ly are j u s t  down the  stream a 

Hay: 
e n t e r p r i s e  come i n t o  it? 

I would l i k e  t o  i n s e r t  something here. Where does p r i v a t e  

L y t l e :  
t h a t  could a l l ow  a l l  t he  people t o  get access t o  the  data and t o  
c o n t r i b u t e  t o  the  data. 

I t h i n k  one of your goals should be t o  e s t a b l i s h  a framework 
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Hay: It seems t o  me t h a t  t he  government's pr imary j o b  i s  t o  get the  
research t o o l s  and equipment t o  get t he  data, and i t ' s  up t o  p r i v a t e  
en te rp r i se  t o  use the  data t o  generate the  wind shear sensor, because 
they are the  ones who are going t o  make i t  and produce i t  i n  the  end, 
anyway. 
Boeing i s  today, where Sperry i s  today, where you are today? 

Un iden t i f i ed :  
here? 

I was j u s t  wondering, where i s  p r i v a t e  i n d u s t r y ?  L ike ,  where 

I was j u s t  wondering why a r e n ' t  they a t  the  meeting 

Schlickenmaier: Th is  meeting could have been huge, i f  we s t a r t e d  
deal ing w i th  a l l  o f  them r i g h t  o f f .  
problem, and those people need t o  come i n  as we get t o  each new phase. 
I t h ink  when we get t o  f l i g h t  management systems, and some s o r t  o f  
guidance and con t ro l ,  we w i l l  obv ious ly  c a l l  on these var ious 
companies. 

Campbell: 
a l l ow  government t o  p a r t i c i p a t e  i n ,  as f a r  as you know? 

But the re  are many face ts  t o  t h e  

Is t he re  anyth ing t h a t  p r i v a t e  i n d u s t r y  would be w i l l i n g  t o  

Hay: 

Campbell: 
Col 1 ins?  

That i s  an area I ' m  not  too f a m i l i a r  i n .  

S imulat ion models, do you have anyth ing l i k e  t h a t  a t  

Robertson: I would say, from my p o i n t  o f  view, no. No, we r e a l l y  
don ' t  have much aside from the  statement o f  what our needs are, t o  
proceed w i t h  the  development. 
house. I t h i n k  the  research i n s t i t u t i o n s  have been a l o t  more 
i nterested. 

I don ' t  t h i n k  we have any products i n  

Campbell : What about reviews o f  I R A D ?  Do you have an I R A D  program? 

Robertson: Well, I t h ink ,  I guess I don ' t  know. I t h i n k  t h e  best I 
cou ld  do would be t o  search w i t h i n  the  company t o  see what k i n d  o f  
c r o s s - f e r t i l i z a t i o n  i s  going on there.  

Schlickenmaier: Is a v a i l a b i l i t y  o f  t h i s  type o f  se rv i ce  or radar  
s imu la t ion  a c t i v i t y  f o r  people from C o l l i n s  t o  come i n  and t e l l  people 
l i k e  Teledyne, Sperry, etc., "This i s  a modeling exerc ise  I would l i k e  
t o  learn." 
because we r a r e l y  s e l l  our serv ices commercially. 

But what k i n d  o f  surpr ises  we might f i nd ,  I don ' t  know, 

Un ident i f ied :  This f i t s  w e l l  w i t h i n  the...technology base, and t h e  
technology t r a n s f e r  t o  indus t ry .  

Un iden t i f i ed :  Par t  o f  what the  government underwr i tes i n  t h i s  
program. 

Campbell: 
we l l .  
arrow should feed down t o  the  government as we l l  . 

But I ' m  t r y i n g  t o  get the  arrow t o  come the  o ther  way as 
You have got the  p r i v a t e  i n d u s t r i e s  going across the  top; t he  

Hay: Well, p r i v a t e  i n d u s t r y  doesn' t  have a l o t  o f  t h a t  data. You 
know t h e i r  pr imary i n t e r e s t  is... 
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Campbell: The IRAD's and s t u f f  l i k e  tha t  may be a framework. 

Schl ickenmaier:  
t h i n g  es tab l i shed fo r  the t ime l i ne .  
r e a l  i s t i  c a l  l y  p u t t i n g  together  simul a t ion  f a c i  1 i t i e s .  

If we can r e a l l y  be bold, I t h i n k  we have got some- 
I n  f a c t  we are t a l k i n g  about and 

Campbell: Yes, but  i ndus t r y  represents a l o t  o f  in format ion,  
e s p e c i a l l y  i n  t h e  black world. 
t a l k ,  but  somehow we need t o  get some feedback. 

I know t h a t  they l i s t e n  but  w i l l  no t  

Schl ickenmaier:  
t h i s  p ro jec t .  We're not  j u s t  t a l  k i n g  about doing research because 
i t ' s  neat; we're t a l k i n g  about maybe p u t t i n g  a product out, 
eventua l l y .  

We're t a l k i n g  about s t a r t i n g  t o  r e a l i z e  the  costs  o f  

Hi ldebrand: With something l i k e  end products, l i k e  t i m e l i n e  t o  a 
c e r t i f i a b l e  device, and wi th f a c i l i t i e s  a v a i l a b l e  such as t h i s ,  I 
t h i n k  you ' re  going t o  have a hard t ime keeping a l o t  o f  these people 
from... 

Robertson: The in fo rmat ion  t r a n s f e r  w i l l  be i n  the  form of,  wel l ,  can 
you g i ve  us t h i s ,  we have found t h i s  data from the data you have given 
us be fore  and maybe a l i t t l e  d i f f e r e n t  s l a n t  t o  it, o r  another type o f  
data. I t h i n k  i t  i s  going t o  be an i t e r a t i v e  process t o  a r r i v e  a t  
t h a t  middle box, t he  m u l t i p l e  design too l  f o r  the whole s imulat ion.  
It i s  going t o  be i n  pieces as we go along. 

Schlickenmaier: The on ly  t h i n g  I r e a l l y  emphasize i s  t he  experience 
w i t h  the  wind shear model data base. There was a l o t  o f  cooperat ion 
w i t h  the  p r i v a t e  sector.  Once we make these models a v a i l a b l e  t o  
people, t he re  w i l l  be in fo rmat ion  coming back, not  as much as we would 
l i k e ,  but  there  was a f a i r  amount o f  in fo rmat ion  coming back, because 
o f  t he  t ime we had t o  set  up. 

Campbell : I would hope there  could be s i m i l a r  boxes above the  cen t ra l  
l e v e l  t h a t  would i nvo l ve  s imu la t ion  by indus t ry ,  as we l l  as backup. 
Contact made by the  FAA and NASA t o  the r i g h t  DOD people would make a 
n i c e  contact  so t h a t  those s imu la t ion  models w i t h  a ground c l u t t e r  
suppression technique t h a t  somehow works can be fed i n t o  t h i s  na t iona l  
wind shear problem. 

Hi ldebrand: You know, the re  i s  a mechanism t h a t  people have been 
addressing. I don ' t  know i f  you have heard t h i s  i n  NASA o r  FAA, b u t  
we had a request come down, somebody or o ther  asking NSF, our pr imary 
funding agency, he asked, are there  c l a s s i f i e d  data t h a t  you need t o  
get  t o  t o  so lve technique problems you are working w i th?  That was the  
quest ion we were asked i n  the  l a s t  s i x  months. 
has t o  be c l a s s i f i e d  data regarding ground c l u t t e r  from a i rp lanes  t h a t  
are moving a t  very h igh  speed and very low a l t i t u d e ;  t he re  i s  no 
quest ion t h a t  t h a t  ex i s t s .  
presumably o ther  agencies t h a t  have been t h i n k i n g  about tha t .  
poss ib le  t o  get those data i n  such a way t h a t  t he  m i l i t a r y  doesn' t  
f e e l  t h a t  they 've been compromised? I f  so, t he re  i s  one area t h a t  
cou ld  he lp  a l o t .  

You know t h a t  t he re  

I f  NSF was ask ing the  question, there  are 
I s  i t  

I imagine t h a t  t he  antenna area i s  another area. 
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(One-minute d iscuss ion on r e s p o n s i b i l i t i e s  o f  i n d u s t r y  and o f  
government i n  developing and d isseminat ing a data base) 

Robertson: 
Westi nghouse. 

I would say t h a t  t h a t  data belongs t o  Hughes and 

Campbell: 
p r i v a t e  i ndus t r y  above t h a t  l i n e  and government below t h a t  l i n e ,  w i l l  
a l l  those top boxes be p r i v a t e  i n d u s t r i e s ?  

If you put a do t ted  l i n e  across t h a t  map, and you put  

Robertson: No. I t h i n k  you have the  l i n e  i n  the  r i g h t  place. A l l  o f  
t h e  boxes along the top  row are p r i v a t e  i ndus t r i es .  
together  as an end product. 

Then they come 

Campbell: 
wouldn't i t? 
con t r i bu t i on ,  t h i s  i s  what i n d u s t r y  cont r ibu tes .  

That would be good t o  show t o  a guy l i k e  Neal Blake, 
Put a do t ted  l i n e  across here and t h i s  i s  t he  government 

(Numerous simultaneous comments) 

L y t l e :  The pro to type sensors, I ' m  not  sure you want t o  say t h a t ' s  
t o t a l l y  t h e  r e s p o n s i b i l i t y  o f  indus t ry .  

Robertson: So, t h a t  l i n e  goes through the  middle o f  t h i s  box. 

Ly t l e :  Well, I t h i n k  what you are t r y i n g  t o  e s t a b l i s h  i s  the  frame- 
work so t h a t  p r i v a t e  i ndus t r y  can put t h e i r  requirements i n ,  and t h e i r  
con t r i bu t i ons  i n ,  i n  any o f  those areas. 

Un iden t i f i ed :  So many o f  the  a c t i v i t i e s  w i l l  be shared, but  t he re  
w i l l  have t o  be a c e r t a i n  amount o f  dup l i ca t i on .  
refinement . L i k e  sensor 

Hildebrand: The problem t h a t  i s  going t o  happen i s  t h a t  t he  i n d u s t r y  
component goes up as t ime goes on, and the  government component comes 
down i n  t h a t  area, but i t  i s  going t o  be shared. 

Campbell: 
a c t i v i t i e s .  

Maybe you should crosshatch those blocks t h a t  show shared 

Hay: 
hand corner w i thout  any d e f i n i t i o n s  o f  blocks, bu t  you show a do t ted  
l i n e  d iagona l ly  down across the  e n t i r e  graph, and j u s t  demonstrate 
there a shared r e s p o n s i b l i t y  t o  t h e  government and indus t r y ;  t h e  
government i npu t  reduces w i t h  t ime and the  i n d u s t r i e s '  p a r t  increases. 

Hildebrand: And, I t h i n k  t h a t ' s  an accurate representat ion.  

Perhaps what Peter i s  saying, you j u s t  s t a r t  i n  the  upper l e f t -  

( U n i n t e l l i g i b l e )  

Hay: And how much i t  i s ,  t h a t ' s  another matter.  

Hildebrand: 
t i o n  and s imu la t ion  v a l i d a t i o n ,  so t h a t  your do t ted  l i n e  i s  r e a l l y  
going t o  s t a r t  o f f  somewhere near where sensor development i s  w r i t t e n ,  

You are a l so  going t o  f i n d  i ndus t r y  invo lved i n  simula- 
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and i t  i s  going t o  end up somewhere near the  middle o f  the  s imu la t ion  
Val i d a t i o n  box, o r  somewhere i n  t h a t  general area. And people are 
more eager t o  get i n  e a r l i e r  on d i f f e ren t  th ings,  and the re  are going 
t o  be o ther  people who l i k e  being behind the  power curve, and they are 
going t o  come i n  a t  t he  l a s t  minute. 

(Uni n t e l  1 i g i  b l  e)  

Hay: 
cooperate wi th you. 
what t o  do, and then we're going t o  fo l l ow  you. 

How can we help? If you have a requirement, then we w i l l  
Otherwise, we are going t o  wa i t  u n t i l  you decide 

Campbell: L e t ' s  t a l k  about the  funding l i n e  over there.  

(Uni n t e l l  i g i  b l  e )  

Schl ickenmaier: 
something t h a t  we're not  prepared t o  do ye t .  

Whatever the  funding requirements are, t h a t ' s  

Campbell : Does the  acce le ra t i on  of funding depend on OAST? 

Schlickenmaier: I n  a sense, I guess i t  does--in t h a t  you 've got some 
FY 86 funding a1 ready earmarked. 

Campbell: 
OAST funding u n t i l  these recent  comments t h a t  re ference what Lee 
Hol comb sa id  . 

We have had no idea what the ou t look  t o  t h a t  con t r i bu tes  t o  

Bowles: I t h i n k  t h a t  the  market ing guys, C o l l i n s  o r  Teledyne, o r  
whoever, w i l l  look a t  t he  bottom l i n e  over here and say, "Hey, t h a t ' s  
nice," u n t i l  Roy and o ther  people t e l l  them i t ' s  going t o  take two 
m i l l i o n  d o l l a r s  a year  t o  f i l l  up t h a t  middle row. They're no t  going 
t o  underwr i te  t h a t  k i n d  o f  development cost over fou r  o r  f i v e  years. 
What the  government i s  doing i s  t o  say we want t o  he lp  underwr i te  it, 
and prov ide products t o  a l l ow  you t o  achieve your n iche i n  the market- 
place. The o ther  h a l f  i s  very important.  The way O U T  looks a t  t h a t ,  
i s  they l i k e  t o  be loved. I f  they are going t o  support programs f o r  
NASA, they have t o  f e e l  wanted. F i r s t  t h i n g  they want t o  know i s ,  who 
wants t h a t  product? 

Hay: Don' t  you t h i n k  t h a t  as f a r  as in tegra ted  programs go, a l l  o f  
t h e  major c a r r i e r s  i n  the form o f  ATA, ALPA, AOPA, a l l  o f  the  major 
a i r c r a f t  manufacturers are going t o  have t o  have a hand i n  it, and 
f e e l  comfortable w i t h  it before i t ' s  submitted? The answer t o  t h a t  i s  
yes. The answer t o  the  second p a r t  i s  t h a t  they have been, and t h e  
t h i r d  p a r t  o f  the  answer i s  they do. So, unless you do your homework, 
you are going t o  s i t  here a l l  day long and say t h e  government ought t o  
do t h i s  and tha t .  

I hope indus t r y  i s  prepared t o  say, we want it. 

U n t i l  you stand up and be counted... 

Robertson: 
t o  t he  workings o f  what it takes. 

That 's  an impor tant  po in t ,  because we' r e  no t  a1 ways atuned 

Hay: 
f ee l  very comfortable w i t h  t h a t ?  

Are you going t o  put  t h a t  one on every program i n  existence, and 
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Robertson: I know what i t  takes t o  s e l l  something of value. 

Hay: Every a i r l i n e  I have gone t o  says exac t l y  t he  same th ing .  They 
are  no longer  a p u b l i c  u t i l i t y .  
t i o n ,  every penny we spend--not t o  aviat ion-minded people, bu t  t o  t h e  
f i n a n c i a l  guys. And we're i n  much the  same program as the  OMB. 

We answer fo r  every minute o f  simula- 

L y t l e :  
t h e  same sense as the  a i r c r a f t  s imu la t ion  f a c i l i t y  o r  a radar wind 
shear s imu la t ion  f a c i l i t y  t h a t  can support i ndus t r y?  

Are you r e a l l y  saying t h a t  t h i s  i s  a s imu la t i on  f a c i l i t y  i n  

Robertson: Don' t  they fit together,  though? 

Schlickenmaier: Yes, I would c a l l  i t  a radar s imu la t i on  f a c i l i t y ,  a 
math modeling f a c i l i t y .  I don ' t  t h i n k  we're t a l k i n g  about the  p i l o t -  
in- the- loop mode, bu t  i n  t h e  same sense as, say, s e l l i n g  t ime t o  
Boeing, t o  work on the  TCV s imulator ,  and o ther  advanced concepts. I 
would imagine t h a t  i f  someone wanted t o  come i n  and buy time, t h a t  it 
would be a f l e x i b l e  enough system t o  do work on wind-shear-related and 
atmospheri c-anomal y- re1 ated radar research . 
Bowles: Well then, I p a r a l l e l  i t  along s o r t  o f  l i k e  NASTRAC. As a 
matter o f  f ac t ,  i t ' s  a data base; i t ' s  a model; i t s  c a p a b i l i i t y  i s  not  
small and t r i v i a l .  

Un iden t i f i ed :  I f  C o l l i n s  has an approach, f o r  example, a modulat ion 
technique, they might want t o  t ry  de tec t i ng  wind shear w i t h  c l u t t e r ,  
then would you have a f a c i l i t y  where you could b r i n g  the  technique i n ?  

Robertson: 
end product o f  t h i s  s imu la t i on  c a p a b i l i t y  t o  be the  in fo rmat ion ,  t he  
science t h a t  backs i t  up, the  a lgor i thms f o r  t he  atmospher ic/radar 
i n te rac t i ons ;  t h a t ' s  t he  product. 
r e s u l t  t h a t  we have, a s imu la t ion  f a c i l i t y  t h a t  we can use, and I 
t h i n k  t h a t  would have t o  be maintained here i n  order t o  develop the  
science behind it, bu t  i n  terms o f  us ing t h a t  as a t o o l ,  we may very 
we l l  use t h a t  back a t  our p lan t .  Rut t he  end product i s  t he  data 
base, the  in format ion,  the  a lgor i thm,  the  software t h a t  generates 
these models, a l l  o f  t h i s  s t u f f .  That i s  t he  p a r t  t h a t  has no t  been 
a l l  marr ied together.  
a l o t  o f  d i f f e r e n t  sources. When they a l l  get i n teg ra ted  together,  it 
becomes a f a c i l i t y .  

Un iden t i f i ed :  
domai n . 

I would say, t h a t  i s  one scenar io  t h a t  I would view t h e  

That may very we l l  be the  best  end 

There are l o t s  o f  p ieces ex i s t i ng ,  coming from 

O f  course, if the  government does it, then i t ' s  p u b l i c  

Robertson : Yes, t h a t  ' s r i g h t  . 
Schlickenmaier: The h ighest  p r i o r i t y ,  from my p o i n t  o f  view, l ook ing  
a t  the whole system, i s  t he  area o f  de tec t i on  o f  wind shear. 
as we were j u s t  t a l  k i n g  about before,  es tab l  i sh i  ng t h i  s government/ 
i ndus t r y  framework, how can we come up wi th reasonably soph is t i ca ted  
software packages.. .which requi  r e  t h a t  some procedures be set  up? 

I t h i n k ,  

106 



Bowles: 
I d o n ' t  t h i n k  NASA should get  i n t o  t h e  t r a n s p o r t a t i o n  business. 

I t ' s  c l e a r l y  def ined w i t h i n  the realm o f  p o s s i b i l i t i e s .  

U n i d e n t i f i e d :  No, abso lu te ly  not . The in fo rmat ion  t h a t  the  corporate 
data base t h a t  e x i s t s  a t  Langley is...by t h e  t ime government i s  wash- 
i n g  out, i n d u s t r y  i s  washing in.  You know, you've got something t h a t  
needs t o  be looked at ,  and a framework f o r  how t h a t  in fo rmat ion  i s  
exchanged. 

Bowles: OK, maybe the gold then, under an establ ished government/ 
i n d u s t r y  framework, i s  c l e a r l y  defined. That i s  t h e  gold. We need t o  
c l e a r l y  d e f i n e  it. 

U n i d e n t i f i e d :  
c o n t r i b u t e  t o  and respond t o  d e f i n i n g  the types o f  data. 

You need more than tha t .  You need a way f o r  them t o  

Bowles: I guess we could lump t h a t  a l l  under technology t r a i n i n g .  
That i s  a two-way s t r e e t .  

Campbell: 
l i s h  an i n d u s t r y  s teer ing  group t h a t  works w i t h  t h e  government team? 
On space s t a t i o n  r i g h t  now i s  an indus t ry  s t e e r i n g  group establ ished 
t o  he lp t e l l  t h e  agency how t o  design and b u i l d  a new space s t a t i o n .  

This  might be a l i t t l e  naive, but  i s  it poss ib le  t o  estab- 

B r i t t :  Does RTCA have a committee on t h i s  subject? 

Hay: Well, RTCA, I bel ieve,  has an i n t e r e s t ,  but  not a committee, bu t  
SAE types have a number o f  i n t e r e s t s .  The whole t h i n g  there  i s  t h e  
s l i c k  problem o f  being...in some way so you won't have t h i s  committee 
l o o k i n g  here and t h a t  committee look ing  there,  and... 

Schl ickenmaier: I f  you t a l k  t o  C h a r l i e  Cape, working on an NOS pro- 
j e c t ,  some o f  the  synergy we've been working w i t h  NSC 151, and t h e  
c a p a b i l i t i e s  t h a t  have been set  up here toward an interagency agree- 
ment, have made t h a t  special  committee take o f f  and run. That was one 
case where somebody sa id  they 've got t o  put  together  t h i s  specia l  
committee, and then some f a c i l i t i e s  were es tab l i shed t h a t  would work, 
and so these f a c i l i t i e s  were establ ished. So they came down here and 
saw t h a t  i t  was working proper ly ,  and they s t a r t e d  focusing a t ten t ion .  
It works we1 1. 

Hay: 
good and very dynamic. 

The focus f o r  t h i s  a c t i v i t y  i n  t h i s  area I t h i n k  i s  g e t t i n g  very 
It could be pu l led  together.  

Campbell : Herb, before we break up today, i s  i t  poss ib le - - th is  i s  
beside t h e  po in t ,  it goes back t o  t h e  po in t  John Fedors brought up-- 
could we k i n d  o f  prophesy the  sensor performance requirements as we 
env is ion  them today? Maybe four  or f i v e  b u l l e t s ?  What we t h i n k  i s  
c e r t i f i a b l e  f o r  wind shear sensing? 
you want i t  t o  be? 

Hay: 
another f u l l  one, and c a l l  i t  performance estimates. 
what appropr ia te  word you'd use. 

What i s  t h e  performance? What do 

You have got area pro tec t ion ;  why don ' t  you j u s t  put a subset o r  
I d o n ' t  know 
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( U n i n t e l l i g i b l e )  

Robertson: I t h i n k  t h i s  i s  a very key p a r t  o f  t he  whole p ro jec t ,  
de f i n ing  what the  performance requirements are, because I can see 
going along down the  t i m e l i n e  t h a t  t he re  are going t o  be, l i k e  what we 
t a l  ked about yesterday, incremental  improvements t o  e x i s t i n g  th ings  i n  
serv ice now. 

( U n i n t e l l i g i b l e )  

Campbell : Can we take a shot a t  those r i g h t  now? 

Robertson: 
so lu t i on ,  might be something; t he re  may be several  i t e r a t i o n s  t o  get 
t o  them. 

No, t he  performance requirements, maybe f o r  the  end 

Hildebrand: I t h i n k  the problem w i t h  t a k i n g  it i s  t h a t  we cou ld  s t a r t  
ou t  by saying, t e l l  me i f  I ' m  being pess im is t i c  o r  not, bu t  we need t o  
be able t o  de tec t  a minus 20 dBZ microburst  i n  40 dB ground c l u t t e r ,  
and spec i fy  the  range o f  v e l o c i t y .  Now t h a t  i s  a p r o j e c t  i n  i t s e l f ,  
o r  a s p e c i f i c a t i o n  t h a t  is...There i s  no l i g h t  a t  the  end o f  t h a t  
tunnel r i g h t  now. That i s  a b lack tunnel ,  bu t  a t  the  same time, i f  we 
are  going t o  spec i f y  where we t h i n k  i t  might go, i t ' s  r e a l i s t i c  t o  say 
t h a t ,  and I'm concerned t h a t  you ...( i n t e r r u p t i o n )  

Campbell : 

Hildebrand: My concern i s  t h a t  as soon as we say that--and I t h i n k  
t h a t  i s  a r e a l i s t i c  statement t o  say t h a t  i f  we are going t o  measure 
a l l  microbursts  accurate ly ,  we are going t o  have t o  do t h a t  k i n d  o f  
problem--as soon as we w r i t e  t h a t  down, we've j u s t  shot o u r s e l f  i n  one 
f o o t  o r  the  other,  and the  quest ion i s  how do you hobble along t i l l  
people r e a l i z e  t h a t  there  are some i n t e r i m  steps t h a t  are worth 
making? 

Yes, t h a t  i s  a goal. Why can ' t  we w r i t e  t h a t  down? 

Hay: 
we want t o  do up here i s  descr ibe what we want the  radar t o  do, no t  
what the  radar i s  going t o  see, because some radars may no t  see t h a t  
p a r t i c u l a r  c l u t t e r  problem t h a t  you mentioned. When you sa id  i t  
should do t h i s  i n  20 dB o f  c l u t t e r ,  one radar may have miserable s ide- 
lobes, and when i t  gets r i d  o f  t h a t  c l u t t e r  i t  s t i l l  can ' t  see t h a t  
microburst ,  wh i l e  another radar w i t h  good sidelobes can see i t  rea l  
eas i l y .  What we need t o  do i s  t o  descr ibe what t h e i r  systems should 
do; not say, now the  radar i s  going t o  have t o  get r i d  o f  t h i s  much 
c l  u t t e r  . 

What you are descr ib ing  the re  was a radar problem. What I t h i n k  

Hildebrand: Now t h a t  i s  the  des igner 's  problem. 

Hay: We have t o  have some idea what t h e  opera t iona l  response should 
be t o  make i t  usefu l  t o  us. The d e t a i l s  can ' t  be discussed, because 
they have t o  be developed as we go along w i t h  the  opera t iona l  people. 
The d e t a i l s  o f  the  radar development, t he  techn ica l  d e t a i l s ,  etc., 
look ing  f o r  some k i n d  o f  performance c a p a b i l i t y  i n  c r i t i c a l  opera- 
t i o n a l  areas, t h a t  you have t o  work here t o  f ind .  Reso lu t ion  and 
range are some of t he  d e t a i l s .  
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( U n i n t e l l i g i b l e )  

, 

Robertson: 
de tec t i on  and f a l s e  alarm rate.  Those are the  two c r i t e r i a .  

Those are d e t a i l s .  What we want i s  a p r o b a b i l i t y  o f  

Hi ldebrand: 
r e f l e c t i v i t y ,  I t h i n k  you are begging the question, so yes, t h a t  i s  
OK. The idea t h a t  you are going t o  look ahead t o  do t h i s  i s  OK. 

I f  you c a r e f u l l y  def ine range and not  t a l k  about 

Campbell: Looking ahead how f a r ?  

( U n i n t e l l i g i b l e )  

Hildebrand: Now, it would be a l l  r i g h t  w i th  me i f  you said,  we're 
going t o  e s t a b l i s h  a phased approach tha t  i s  going t o  look f i r s t  a t  
t h i s  k i n d  o f  problem, and then another, and show t h a t  there  i s  a 
t r a c t a b l e  rou te  t o  so lu t ions .  Then, I would begin t o  t h i n k  t h a t  i t  i s  
a l l  r i g h t  t o  do some spec i f i ca t i on .  

Campbell: 

Hi ldebrand: I ' m  not  a f r a i d  o f  doing tha t  as much, as long as every 
number we w r i t e  down here i s  the  number we r e a l i z e  i s  the  number we 
have t o  go back t o  f o r  our atmospheric model, and we have t o  get t o  
t h e  r e a l  exper ts  on microbursts  t o  pu t  them in .  

What i s  wrong wi th  t h a t ?  Are you a f r a i d  o f  anyth ing? 

(Many persons d iscuss ing whether o r  not t o  q u a n t i f y  the  expected 
performance o f  a proposed system) 

Campbell: It would be good t o  have a few numbers out  there,  so the  
guys who are going t o  s t a r t  o f f  on these s imu la t ion  s tud ies  have 
enough in fo rma t ion  t o  go on t o  do something about it. 

Staton: Yes, bu t  those people are going t o  come up wi th  t h e i r  own 
numbers. They are not  going t o  pay a t t e n t i o n  t o  anyth ing t h a t  we put 
up on the  board. And i f  anyth ing you put on the  board s a n c t i f i e s  it, 
then i t  w i l l  come back t o  haunt you l a t e r .  

Hi ldebrand: Look, we can s i t  down and we can say, you want t o  see a 
v e l o c i t y  g rad ien t  o f  thus and so, a t  a d is tance o f  such and such, from 
t h e  ground, having a r e f l e c t i v i t y ,  OK. So you want t o  have a s p e c i f i -  
ab le  v e l o c i t y  g rad ien t  you can detect .  You want t o  spec i f y  the  r e f l e c -  
t i v i t y  of t he  meteoro log ica l  ta rge t .  You want t o  spec i f y  the  r e f l e c -  
t i v i t y  o f  the  ground, and the  prox imi ty  o f  t he  ground t o  the meteoro- 
l o g i c a l  t a rge t .  What e l s e  do we want t o  add t o  t h a t  l i s t ?  

B r i t t :  I don ' t  t h i n k  you want t o  speci fy  any o f  those th ings.  

Un ident i f ied :  
a sec tor  as opposed t o  s t r a i g h t  ahead? 

Weren't you the  one t h a t  s a i d  t h a t  you wanted t o  cover 

L y t l e :  What you can a c t u a l l y  accomplish w i l l  be what i s  u l t i m a t e l y  
pu t  in .  
des i red  sector,  then y o u ' l l  probably narrow your  sec tor  down t o  see 
what you can do. 

I n  o ther  words i f  you can ' t  get your  rep r a t e  up t o  cover the 

So i f  you say we are going t o  cover a 20-degree 
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sector  i n  f r o n t  o f  us, then i f  you say t h a t ,  then anyth ing t h a t  
doesn't accomplish i t  means t h e r e ' s  been a f a i l u r e .  

Hay: We can take care o f  t h a t  by c a l l i n g  t h a t  "design goals." 
t h i s  i s  your  design goal, then you usua l l y  supplement t h a t  by say ing 
absolute requirements, because i f  a radar c a n ' t  do a t  l e a s t  a c e r t a i n  
minimum, then you c a n ' t  c a l l  i t  a shear de tec t i on  radar. 

I f  

Staton: 
shouldn ' t  do t h a t  today. 

Hay: Well, then radar people a ren ' t  going t o  do anything. 

Hildebrand: 
t h i n g  I get uncomfortable w i t h  i s  p u t t i n g  numbers on those goals 
wi thout  t h i n k i n g  about them c a r e f u l l y .  
meteorological  t a r g e t  t o  the  ground, the  p r o b a b i l i t y  maximum o f  the  
v e l o c i t y  o f  the  meteoro log ica l  t a r g e t  i s  something y o u ' r e  going t o  
have t o  assume, and a i r c r a f t  c a p a b i l i t y  w i l l  spec i fy  the  sec tor  you 
have t o  scan o r  measure, o f  t a r g e t  and a i r c r a f t .  Then from t h a t ,  you 
are  also going t o  need t o  spec i fy  a reac t i on  t ime model f o r  the f l i g h t  
crew and a i r c r a f t .  Then based on tha t ,  t he  l a s t  t h i n g  i s ,  based on 
a i r c r a f t  and a i r  crew. 
the  engines t o  spool up. The f i n a l  t h i n g  then i s  t he  domain you make 
measurements of .  With the  radar, how f a r  out do you scan? The radar  
range; i t  has t o  do w i t h  the  e l e v a t i o n  and azimuth angles. 

Any design goals need t o  wa i t  f o r  the next workshop. We 

I t h i n k  we can complete a l i s t  of design goals. The 

Now, i n  the  p rox im i t y  o f  t he  

You push the  t h r o t t l e s ;  i t  takes a w h i l e  f o r  

Robertson: We are s t a r t i n g  out by d e f i n i n g  the  event we are t r y i n g  t o  
detect. 
dangerous event, and what i s  our v e l o c i t y  gradient ,  etc.? 
ask, what i s  our p r o b a b i l i t y  o f  de tec t i ng  t h a t  event? 
never w i l l  be a hundred percent. 

Then we say what about t h a t  event, what causes i t  t o  be a 
Then we 

That probably 

Un iden t i f i ed :  Jus t  l i k e  we c a n ' t  f l y  through every wind shear. 

Hay: 
t h a t ,  from tha t ,  you determine what the  o ther  parameters a re- - reac t ion  
time, you know, the  guy who was des ign ing the  radar, you know, t h a t  i s  
no t  h i s  problem. 
look f o r .  
threshold,  and a i  r c r a f t  performance . 
Unident i f ied :  
w i t h  a n u l l  problem. 

Bowles: 

Now t h a t  second from the  l a s t  suggestion there,  I don ' t  t h i n k  

The reac t i on  t ime determines what range you have t o  
That i s  what you need t o  determine your  parameters--also, 

L e t ' s  not  ove rs imp l i f y  t he  world, so t h a t  we're l e f t  

I would encourage you t o  say v e l o c i t y  gradient .  

Hay: B e t t e r  t o  say v e l o c i t y  g rad ien t  o f  what? Mic roburs ts?  

Bowles: O f  wind shear phenomena. 

Robertson: 
alarm rate.  
no t  good. 

Another element t h a t  i s  miss ing over the re  i s  the  fa lse  
If t h i s  t h i n g  i s  going of f  on every approach, then t h a t ' s  
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I 

Staton: 
a t i o n s  f o r  t h i s  problem. 
need t o  i n te rpose  along the  t i m e l i n e  some scheduled workshop t h a t  
eval uates progress. 

What does t h i s  l i s t  do f o r  us? There are j u s t  some consider- 
Maybe, ins tead o f  doing t h i s  r i g h t  now, we 

U n i d e n t i f i e d :  
i n i t i a l l y  f o r  you. 

Leo, t h a t  i s  r i g h t ,  b u t  t h i s  s e l l s  t he  program 

Staton: 
a i r p l a n e  on takeoff and landing, t h a t  i s  what we are going t o  do. 

We need t o  convince them t h a t  we are going t o  p r o t e c t  t h e  

U n i d e n t i f i e d :  
statement. 

They are n o t  going t o  buy t h a t  k i n d  o f  general 

U n i d e n t i f i e d :  You' r e  r i g h t .  You' r e  abso lu te ly  co r rec t .  

Staton: 
problem. 

But, I d o n ' t  see t h a t  t h i s  helps anybody i n  working on the  

Hay: But  i t  helps t h e  guy designing the radar. 

H i  1 debrand: 
radar.  They w i l l  be der ived  f r o m  spec i f y ing  a l l  o f  these t h i n g s  here. 

Staton: 

These are se ts  o f  performance speci f i c a t i  ons f o r  t he  

And dozens o f  others we haven ' t  thought o f .  

H i  1 debrand: No t i ce  we haven' t w r i t t e n  any numbers down. 

Verstynen: Leo i s  l o o k i n g  down ins tead o f  up r i g h t  now, and i n  the  
sense o f  f r o m  your  l e v e l  l ook ing  down and hardware development and 
making th ings  happen, t h i s  i s n ' t  a very use fu l  l i s t .  I f  you are a t  a 
l e v e l  where we are l o o k i n g  up, t r y i n g  t o  ge t  a program going, t h i s  
does a b e a u t i f u l  j o b  o f  scoping o u t  what the problem r e a l l y  i s .  

Schlickenmaier: The people w e ' l l  be t a l k i n g  t o  are nowhere near the  
c a p a b i l i t i e s .  We are t a l k i n g  t o  people who are  no t  on ly  l o o k i n g  a t  
wind shear, b u t  a t  t he  FAA l e v e l ,  we are t a l k i n g  t o  people who are 
concerned w i t h  l a n d i n g  systems, data l i n k  implementation, a number o f  
programs t h a t  use words l i k e  safety.  And when you go up t o  the nex t  
l e v e l ,  you are you are l o o k i n g  a t  a i r  bag issues, l o o k i n g  a t  r a i l  road 
s a f e t y  issues, across a l l  t r anspor ta t i on  sa fe ty  issues, and a l l  we 
have done here, i s  say, hey guys, when I t a l k e d  t o  the comnittee on 
f l i g h t  s ta tus  monitors, sa fe ty  issues, what i s  i t  f o r ?  They then say, 
where have you been a l l  o f  t h i s  t ime? Then I had t o  p u t  mysel f  i n t o  
c o n t e x t  o f  a l l  the o the r  t ranspor ta t i on  modes. That i s  the k i n d  o f  
people we are going t o  be dea l ing  wi th.  

( U n i n t e l l  i g i b l e )  

U n i d e n t i f i e d :  As you probably know, I am p r e t t y  much i n t e r e s t e d  i n  
what f i n a l l y  gets through t o  the p i l o t .  
propose a number o f  considerat ions,  and t h i s  i s  on l y  one i t e m  on the  
l i s t :  t h a t  i s  t h a t  i t  be compatible w i th  o the r  p a r t s  o f  t he  system; 
f o r  instance, i t  cou ld  be i n  s i t u ,  on the ground. 

It has t o  be simple. I 
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(Uni n t e l  1 i g i  b l  e )  

Un iden t i f i ed :  
systems proposed. And the  simple systems work. And we should r e a l l y  
look  a t  them i n  terms o f  what i s  presented t o  the  p i l o t .  

There are s imple vers ions o f  de tec t i ng  and a l e r t i n g  

Schlickenmaier: That 's  an overview. That 's  a t  a h igher  l e v e l  up. 

Un iden t i f i ed :  I say t h i s  because we should have our b l i n d e r s  o f f .  We 
shouldn ' t  have b l i n d e r s  on. Keep our eyes open. We've got t o  be aware 
o f  what others are doing. 

Campbell: That looks l i k e  a p r e t t y  good l i s t .  The f a c t  t h a t  bothers 
me i s  t h a t  you have got more work than you have money, and you have t o  
i nvo l ve  a l o t  more o ther  people i n  t h i s  problem who have no t  been 
involved i n  microburst  measurements by radars and a l l  o f  t h a t  s t u f f  
before, and even i n  the  area o f  e lectromagnet ics and antenna design, 
you have got t o  have enough requirements t o  de f i ne  adequately, so they  
can go o f f  and work the  problem and see i f  they can cont r ibu te .  Maybe 
they can c o n t r i b u t e  t h e i r  th ing .  Somebody has t o  i n v o l v e  enough 
people i n  t h i s  th ing ,  and i t ' s  got t o  be presented i n  a manner t h a t  i t  
w i l l  be sold, t o  i n v o l v e  o ther  o rgan iza t ions  and enough people t o  do 
t h e  job. I t h i n k  t h a t  might f a l l  under the  very bottom under goals. 
That has got t o  be a product o f  t h i s  e f f o r t ,  and then t o  de f i ne  what- 
ever i ndus t r y  o r  agency resources are required. 

Schlickenmaier: I t h i n k  t h a t  i n  the  January-February-March t ime frame 
there  might be the p o s s i b i l i t y  o f  doing some workshops. 

Bowles: I would suggest t h a t  we s t a r t  c a l l i n g  t h i s  whole e f f o r t  "wind 
shear radar." It i s  a wind shear radar program. That i s  e x a c t l y  what 
we are focus ing on. 

Campbell: How would the  radar  manufacturers f e e l  about t h a t ?  

Hay: I could argue t h a t  probably when i n d u s t r y  gets i n t o  it, they 
won't j u s t  b u i l d  wind shear radar sensors, because i t ' s  on ly  used once 
i n  a l i f e t i m e .  It w i l l  be b u i l t  i n t o  a more general radar. 

Un iden t i f i ed :  Then we e leva te  i t  t o  mul t i -purpose wind shear radar. 
As a mat te r  o f  f ac t ,  i f  we get i n t o  the  hazard d e f i n i t i o n  area, we 
look  a t  how we i n t e g r a t e  t h a t  in fo rmat ion  i n t o  f l i g h t  s ta tus  moni tor  
systems . 
(Many persons speaking simultaneously)  

Hay: Maybe i t ' s  a good s e l l i n g  p o i n t  r i g h t  now, bu t  you may change i t  
i n  s i x  months. 

Robertson: We need t o  d i f f e r e n t i a t e  t h i s  from LLWAS and o ther  k inds  
o f  wind shear sensors. 

Bowles: How about AWSR, as opposed t o  TDWR? 

112 



U n i d e n t i f i e d :  A new acronym c a l l  s f o r  another workshop! 

Schl ickenmaier: 
cooperat i  on a t  t h i  s meeting, and t h e  good working re1 a t i o n s h i  ps 
es tab l  i shed) 

(Closing statements acknowledging the  degree o f  

i 
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